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SECTION 1. GENERAL INFORMATION

1.1 BACKGROUND

Technologies under development for the detection and discrimination of unexploded
ordnance (UXO) require testing so that their performance can be characterized. To that end,
Standardized Test Sites have been developed at Aberdeen Proving Ground (APG), Maryland and
U.S. Army Yuma Proving Ground (YPG), Arizona. These test sites provide a diversity of
geology, climate, terrain, and weather as well as diversity in ordnance and clutter. Testing at
these sites is independently administered and analyzed by the government for the purposes of
characterizing technologies, tracking performance with system development, comparing
performance of different systems, and comparing performance in different environments.

The Standardized UXO Technology Demonstration Site Program is a multi-agency
program spearheaded by the U.S. Army Environmental Center (AEC). The U.S. Army Aberdeen
Test Center (ATC) and the U.S. Army Corps of Engineers Engineering Research and Development
Center (ERDC) provide programmatic support. The program is being funded and supported by
the Environmental Security Technology Certification Program (ESTCP), the Strategic
Environmental Research and Development Program (SERDP) and the Army Environmental
Quality Technology Program (EQT).

1.2 SCORING OBJECTIVES

The objective in the Standardized UXO Technology Demonstration Site Program is to
evaluate the detection and discrimination capabilities of a given technology under various field
and soil conditions. Inert munitions and clutter items are positioned in various orientations and
depths in the ground.

The evaluation objectives are as follows:

a. To determine detection and discrimination effectiveness under realistic scenarios that
vary targets, geology, clutter, topography, and vegetation.

b. To determine cost, time, and manpower requirements to operate the technology.

¢. To determine demonstrator’s ability to analyze survey data in a timely manner and
provide prioritized “Target Lists” with associated confidence levels.

d. To provide independent site management to enable the collection of high quality,
ground-truth, geo-referenced data for post-demonstration analysis.

1.2.1 Scoring Methodology

a. The scoring of the demonstrator’s performance is conducted in two stages. These two
stages are termed the RESPONSE STAGE and DISCRIMINATION STAGE. For both stages,
the probability of detection (Pg) and the false alarms are reported as receiver-operating



characteristic (ROC) curves. False alarms are divided into those anomalies that correspond to
emplaced clutter items, measuring the probability of false positive (Pg,), and those that do not
correspond to any known item, termed background alarms.

b. The RESPONSE STAGE scoring evaluates the ability of the system to detect emplaced
targets without regard to ability to discriminate ordnance from other anomalies. For the blind
grid RESPONSE STAGE, the demonstrator provides the scoring committee with a target
response from each and every grid square along with a noise level below which target responses
are deemed insufficient to warrant further investigation. This list is generated with minimal
processing and, since a value is provided for every grid square, will include signals both above
and below the system noise level.

¢. The DISCRIMINATION STAGE evaluates the demonstrator’s ability to correctly
identify ordnance as such and to reject clutter. For the blind grid DISCRIMINATION STAGE,
the demonstrator provides the scoring committee with the output of the algorithms applied in the
discrimination-stage processing for each grid square. The values in this list are prioritized based
on the demonstrator’s determination that a grid square is likely to contain ordnance. Thus,
higher output values are indicative of higher confidence that an ordnance item is present at the
specified location. For digital signal processing, priority ranking is based on algorithm output.
For other discrimination approaches, priority ranking is based on human (subjective) judgment.
The demonstrator also specifies the threshold in the prioritized ranking that provides optimum
performance, (i.e. that is expected to retain all detected ordnance and rejects the maximum
amount of clutter).

d. The demonstrator is also scored on EFFICIENCY and REJECTION RATIO, which
measures the effectiveness of the discrimination stage processing. The goal of discrimination is
to retain the greatest number of ordnance detections from the anomaly list, while rejecting the
maximum number of anomalies arising from non-ordnance items. EFFICIENCY measures the
fraction of detected ordnance retained after discrimination, while the REJECTION RATIO
measures the fraction of false alarms rejected. Both measures are defined relative to
performance at the demonstrator-supplied level below which all responses are considered noise,
i.e., the maximum ordnance detectable by the sensor and its accompanying false positive rate or
background alarm rate.

e. Based on configuration of the ground truth at the standardized sites and the defined
scoring methodology, there exists the possibility of having anomalies within overlapping halos
and/or multiple anomalies within halos. In these cases, the following scoring logic is
implemented:

(1) In situations where multiple anomalies exist within a single Rya, the anomaly with
the strongest response or highest ranking will be assigned to that particular ground truth item.

(2) For overlapping Ry, situations, ordnance has precedence over clutter. The anomaly
with the strongest response or highest ranking that is closest to the center of a particular ground
truth item gets assigned to that item. Remaining anomalies are retained until all matching 1s
complete.



(3) Anomalies located within any Ry, that do not get associated with a particular ground
truth item are thrown out and are not considered in the analysis.

f. All scoring factors are generated utilizing the Standardized UXO Probability and Plot
Program, version 3.1.1.

1.2.2 Scoring Factors

Factors to be measured and evaluated as part of this demonstration include:

a. Response Stage ROC curves:

(1) Probability of Detection (P4™).

(2) Probability of False Positive (Pg,™).

(3) Background Alarm Rate (BAR™) or Probability of Background Alarm (Pgs™).
b. Discrimination Stage ROC curves:

(1) Probability of Detection (Pg"*).

(2) Probability of False Positive (Pg,"").

(3) Background Alarm Rate (BARY) or Probability of Background Alarm (Pga%*).
c. Metrics:

(1) Efficiency (E).

(2) False Positive Rejection Rate (Rg).

(3) Background Alarm Rejection Rate (Rga).

d. Other:

(1) Probability of Detection by Size and Depth.

(2) Classification by type (i.e., 20-, 40-, 105-mm, etc.).

(3) Location accuracy.

(4) Equipment setup, calibration time and corresponding man-hour requirements.

(5) Survey time and corresponding man-hour requirements.



(6) Reacquisition/resurvey time and man-hour requirements (if any).

(7) Downtime due to system malfunctions and maintenance requirements.
1.3 STANDARD AND NONSTANDARD INERT ORDNANCE TARGETS

The standard and nonstandard ordnance items emplaced in the test areas are listed in
Table 1. Standardized targets are members of a set of specific ordnance items that have identical
properties to all other items in the set (caliber, configuration, size, weight, aspect ratio, material,

filler, magnetic remanence, and nomenclature). Nonstandard targets are inert ordnance items
having properties that differ from those in the set of standardized targets.

TABLE 1. INERT ORDNANCE TARGETS

Standard Type

Nonstandard (NS)

20-mm Projectile M55

20-mm Projectile M55

20-mm Projectile M97

40-mm Grenades M385

40-mm Grenades M385

40-mm Projectile MKII Bodies

40-mm Projectile M813

BDU-28 Submunition

BLU-26 Submunition

M42 Submunition

57-mm Projectile APC M86

60-mm Mortar M49A3

60-mm Mortar (JPQ)

60-mm Mortar M49

2.75-inch Rocket M230

2.75-inch Rocket M230

2.75-inch Rocket XM?229

MK 118 ROCKEYE

81-mm Mortar M374

81-mm Mortar (JPG)

81-mm Mortar M374

105-mm HEAT Rounds M456

105-mm Projectile M60

105-mm Projectile M60

155-mm Projectile M483A1

155-mm Projectile M483A

500-1b Bomb

JPG = Jefferson Proving Ground
HEAT = high-explosive antitank




SECTION 2. DEMONSTRATION

2.1 DEMONSTRATOR INFORMATION

2.1.1 Demonstrator Point of Contact (POC) and Address

POC: Peter Clark
0116126773 3508

Address: 3/10 Hudson Road
Albion QLD 4010 Australia

2.1.2 System Description (provided by demonstrator)

a. Sensor System Description. The man portable TM-5 EMU consists of the following
components:

Item Manufacturer Model
Magnetometer Control Module G-TEK TM-5 EMU MPX
Multi-period, transient electromagnetic (EM) sensors | Minelab Electronics F1B2
DGPS (digital Global Positioning System) Ashtech Z-Extreme
Odometer G-TEK TM-4D

The TM-5 EMU electromagnetic (EM) detector system may be configured with one or two
sensors measuring the transient EM response. In this proposed application, two sensors are
mounted in an array, oriented perpendicular to the survey direction delivering a 1.2 meter swath
width. In the dual-sensor mode, the TM-5 EMU is operated by a single person (fig. 1).

The TM-5 EMU interfaces with both industry standard real-time kinematic (RTK) digital
Global Positioning System (DGPS) and proprietary cotton thread based odometer systems
providing versatile positioning adaptable to varied terrain and vegetation conditions. It has been
used successfully for over 5 years. The odometer remains the positioning technology of choice
in adverse terrains; DGPS is preferred in open environments. Combined, they meet the
requirements of most situations.

The TM-5 EMU user interface provides a continuous set of data quality monitors. There
are audio and graphic displays and alarms monitoring sensor signal quality and position data
quality. A key attribute of the TM-5 EMU is its virtual immunity to hot rocks.




Figure 1. Dual sensor TM-5 EMU EM detector data acquisition system.

Prior to the commencement of a survey, the TM-5 EMU undergoes three procedures taking
5 minutes to complete all three. (1) Sensor pulse repetition frequency is swept over about
100 Hz, centered at 1200 Hz, to select the frequency corresponding to the lowest receiver RMS
noise level, in order to minimize radio frequency (RF) interference. (2) Sensor is ground
balanced to compute ground response parameters that are stored in memory so that the ground
response may then be subtracted from the received signal in real-time. (3) A control source
known as an EMUIator is used check that sensor signal levels are within specification.

The sensor is a monocoil acting as both transmitter and receiver, operated as a vertical
magnetic dipole, with 16 turns, a diameter of 18 inches, inductance of 300 pH and resistance of
0.7 Q. During surveying, the sensor coil height is maintained at an elevation of 100 mm, with
the minimum HERO safe operating height calculated to be 10 cm above ground.

The transmitted waveform consists of two different length pulses (200 us, 3.3 A and 50 us,
830 mA), repeated at the rate of approximately 1200 Hz. The peak pulse amplitudes are based
on an application of 5 V, and at turn-off, the pulses ramp to zero in about 2-4 us, (corresponding
to the self-induced emf clipped to 187 V). The theoretical bandwidth of about 500 kHz reduces
to about 300 kHz after the addition of amplifiers and integrators. The detector is based on
synchronous demodulation, sampling the secondary field decays over narrow integration gates.
After subtracting the ground response and digitizing at approximately 60 Hz, the output is
decimated to 32 samples per second that are recorded with a DGPS position at a >1 Hz rate.
Amplifier gains are adjusted to provide digital output between + 4096 units such that background
noise is set to + 1 to 2 units. A low pass filter is applied at periodic intervals to reset the



background signal to a zero mean. During a traverse this filter is switched out so that the filter
does not attenuate target responses, and the drift is removed from the digital record in
post-processing with a high-pass filter.

b. Positioning System Description. G-TEK proposed using a combination of the
following survey/navigation technologies:

Item Manufacturer Model
DGPS Ashtech Z-Extreme
Odometer G-TEK TM-4D
Polychain PEKO 100M
Siters Various Generic traffic cones. Wooden dowels and flagging.

The TM-5 EMU EM detector system interfaces with both industry standard RTK DGPS
and proprietary cotton thread based odometer systems providing versatile time or position-based
positioning that is adaptable to varied terrain and vegetation conditions. In both cases, where
UXO detection standards of survey coverage is required, G-TEK operators use a pre-established
control grid and visual sighters for straight-line navigation, and use the DGPS or odometer for
data positioning only.

2.1.2.1 Using DGPS in the Open Area. DGPS is the technology of choice in situations where
satellite coverage is reliable. In this case, any of the industry standard RTK systems (with the
precise 1 pulse per second facility) may be used although in this program we propose using the
Ashtech Z-Extreme system (with NovAtel RT-2 as a backup). The demonstrators' preference is
to establish a Global Positioning System (GPS) base-station on a monument that is within 1 km
of the survey area and to use a radio link to the roving GPS receiver. In the roving
instrumentation, sensor data is merged synchronized with the transformed DGPS positions and
recorded. This way, sensor data is positioned with an accuracy of better than 5 cm. Prior to
commencing the survey, the roving GPS is located at a known reference to confirm the integrity
of the system and transformations used. The real time DGPS will be used to establish a control
grid using non-metallic pegs at intervals appropriate to the level of visibility. At APG, a control
line interval of 25 or 50 meters is anticipated. The non-metallic polychains will then be laid as
control lines, perpendicular to the proposed survey direction. Visual sighters will be located
along the first survey line and used as a visual aid to navigation. As each sighter is reached, it is
moved 0.8 meters laterally to the position of the return survey line.

2.1.2.2 Using the Odometer in the Wooded Area. The control grid setup will combine the
use of DGPS and cotton odometer survey techniques. Navigation will be done the same as
described above. However, 5 meters before the commencement of each new transect, the cotton
thread is tied to either vegetation or a small peg anchored to the ground. When each control line
is reached, a distance mark is recorded in the TM-5 EMU prior to moving the cone. At the
completion of each survey grid section the cotton is gathered and removed from the site. In post-
processing, linear error distribution delivers positional accuracy that is typically less than 0.1-
percent of the distance between control lines (0.1-percent of 25 meters delivers 2.5 cm accuracy
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in this case). Because the odometer is used in more adverse terrain including forests, protocols
have been developed using the electronic notepad facility of the TM-5 EMU for recording the
location of obstacles (e.g., trees) and the direction taken around these. If a UXO is detected
close to such a tree, the validation team will know which side of the tree to search. Experience
over many years surveying in forested conditions has indicated that an rms target position error
of less than 30 mm can be anticipated with the greatest errors occurring where obstacles are
circumvented. These errors are not cumulative and are comparable with the interpreted target
position errors achieved using DGPS.

2.1.3 Data Processing Description (provided by demonstrator)

a. Data Processing. The data will be processed in the following sequence (the software
used at each step is noted in square brackets):

b. Data Acquisition.

(1) Up to 2 sensors of 2-channel EM data will be recorded at 32 Hz in DGPS mode and
5 c¢cm in cotton odometer distance-mode [G-TEK’s EMUDAS field Data Acquisition software].

(2) The GPS positions (at no less than 1-Hz) will be transformed in real-time into the
required coordinate system [G-TEK’s EMUDAS field Data Acquisition software].

(3) In cotton odometer mode the precise vertices of the survey boundary and control lines
are measured with the RTK-DGPS and entered into the TM-5 EMU EM. The operator will be
responsible for hitting the start and stop button for each line [G-TEK’s EMUDAS].

(4) The GPS and EM data will be merged on the 32 Hz time-base in real-time. Drift
corrections are then applied [EMUDAS]. In distance-mode no merging is required.

(5) The data will automatically be assigned unique line-numbers during the data
acquisition. The data will be indexed by these line-numbers during the line-based processing
(i.e. up to the gridding stage). Extraneous data will be either automatically or manually flagged
as not required.

(6) The positions of the individual sensors will be calculated from the precisely measured
sensor GPS antenna offsets and the instantaneous track direction of the array. These individual
sensor track positions will be referenced as sub-lines 1 to 2. In distance-mode this stage is
automated [G-TEK’s EMUDAS].

(7) All data will be transferred from the field device to the processing computer and a
Field Data Sheet completed by each crew leader (attachment A, DID OE-005-05.01).



¢. Post-Processing by the Processing Geophysicist.

(1) The GPS track will be checked, edited and smoothed, as required [Geosoft]. For
cotton positioning the distance recorded by the precise electronic odometer will be compared to
the expected known length of each line [G-TEK’s Distance-Based Processing Software].

(2) The EM data will then be automatically and manually scanned for the removal of
invalid data [Geosoft].

(3) At this stage the raw data will be exported to Geosoft American Standard Code for
Information Interchange (ASCIl) XYZ format (with line reference headers and column labels)
complying with the raw data submittal guidelines on the Standardized UXO Technology
Demonstration Site-Submission for Scoring web site. The data will then be written to compact
disk (CD) for submission [Geosoft].

(4) The data will then be refiducialled to a distance-base of no greater than 0.05 meter to
facilitate band-pass filtering to reduce effects with wavelengths determined to be inconsistent
with the target anomalies (e.g. radio interference) [Geosoft-G-TEK’s Geosoft executable (GXs)].

(5) Both channels of data will then be gridded to a square mesh no greater than
0.05 meter, using minimum curvature gridding with a maximum tension of 1 and using the
Geosoft FLOAT grid format [Geosoft].

(6) Both Channels of gridded data will then be loaded into the viewing and interpretation
software for semi-automated interpretation. This process involves the automatic selection of
positive and negative maximums and whose amplitudes exceed the interpretation thresholds.
These selections are then manually checked and amended. Parameters from the selected
anomalies (from both channels) are then determined for use in an automated rule-based
discrimination procedure. Use will be made of the ground-truth data from the calibration lane to
fine tune the discrimination settings. This will then provide the basis for the discrimination
classification and prioritization in the submittal [G-TEK’s MagSys].

(7) The information on the selected anomalies (processed data) will then be imported into
a Microsoft (MS) Excel spreadsheet for formatting for presentation as a dig sheet based on the
template attachment C, DID OE-005-05.01 and written to compact-disk (CD) for submittal [G-
TEK’s EODReporter MS Excel macro].

(8) The dig sheet data (processed data) will also be reformatted to comply with the
Processed Data Submittal guidelines on the Standardized UXO Technology Demonstration Site-
Submission for Scoring web site. The data will then be written to CD for submission [MS
EXCEL]

(9) The colour contour, processed EM grid-image, with selected anomalies marked will
be presented based on the map template attachment D, DID OE-005-05.01 also on CD [Geosoft].



d. Data processing during interrogation (Blind Test Grid). Anomaly parameters such as
peak amplitude and width at half-amplitude in the north to south and east to west directions will
be captured. These parameters will then be used in a rule based discrimination system for the
discrimination classification and prioritization in the submittal [G-TEK’s EODReporter].

2.1.4 Data Submission Format

Data were submitted for scoring in accordance with data submission protocols outlined in
the Standardized UXO Technology Demonstration Site Handbook. These submitted data are not
included in this report in order to protect ground truth information.

2.1.5 Demonstrator Quality Assurance (QA) and Quality Control (QC) (provided by
demonstrator)

G-TEK will perform QC steps and tests using the DID OE-005-05.02 and the following
QC test frequency:

Test Power Day Start Repeat Last
Description On Day Start and End First Day | Two Grid Lines
Equipment 5-min
Warm Up
Record Sensor X
Offsets
Personnel Test X
Vibration Test X
Static & Spike 3 min/l min/
Test 3 min
Six Line Test X
Repeat Lines X
Visit Survey X
Point

Equipment/Electronics Warm-up for 5 minutes: This allows for thermal stabilization of
electronics.

Record Relative Sensor Position (criteria: 1 cm accuracy): Document relative navigation and
sensor offsets, detector separation, and detector heights above the ground surface.

Personnel Test (Criteria < 10 emu at 10 cm from sensors): To ensure survey personnel have
removed all potential metallic interference sources from their bodies.

Shake Test (< Criteria 10 emu): To identify and replace shorting cables and broken pin-outs on
connectors. With the instrument held in a static position and collecting data, cables are shaken to
test for shorts and broken pin outs. Repaired or replaced cables are rigorously retested before
use.
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Static Background and Static Standard Response (Spike) Test (Criteria:10 emu): To quantify
instrument background readings, electronic drift, locate potential interference spikes, and
determine impulse response and repeatability of the instrument to a standard item. Review in
real-time.

Six Line Test (Criteria: Repeatability of response amplitude + 20 percent, positional Accuracy +
20 cm): To document latency, heading effects, repeatability of response amplitude, and
positional accuracy. The test line will be well marked to facilitate data collection over the exact
same line each time the test is performed. Background response over the test line is established
in Lines 1 and 2. A standard test item, such as a steel trailer hitch ball will be used for Lines
3 through 6.

Visit Survey Point (Criteria: +25 cm): Check that GPS base location and transformations are
correct.

Repeat Last Two Lines of Each Grid (Criteria: Repeatability of Response Amplitude
+ 20 percent, Positional Accuracy + 20 cm): To determine positional and geophysical data
repeatability.

TM-5 EMU Calibration (Criteria: >250 EMU): By the use of a calibration device known as an
"EMUlator” (developed by G-TEK for the purpose of establishing the integrity of the
TM-5 EMU) the EMUIator is placed touching the rim of the sensor coil and data is recorded for
a period of 60 seconds. The EMUIlator delivers a controlled response to the excitation transmitted
by the TM-5 EMU.

Sensor Elevation: The TM-5 EMU will be operated at a low but uniform elevation. To help the
operator achieve this, a piece of non-conductive tape will be attached to the back of the coil,
hanging 10 cm. The operator then maintains the end of the tape just touching the ground (or
where he judges the ground to be below the grass cover). Higher elevations due to vegetation
will be noted.

Data Processing: The data processing and interpretation will be checked by a second
geophysicist. All intermediate processing stages of the data will be retained in meaningfully
named columns within GEOSOFT for this purpose. All data will be backed up daily.

For quality assurance measures, the data collected during the pre-survey QC checks will be
processed, documented and checked by the Data Processing Geophysicist to assure that the entire
system will provide the quality to achieve the desired outcome of detecting and correctly
discriminating the UXO items down to their specified depth as determined by the site conditions.
The RTK-DGPS systems have a quoted accuracy of 2.0 cm + 0.1 mm/(km to the base-station)
Central Error Probability (CEP) in dynamic mode. In practice, however, assuming a consistent
differential correction of 1 per second and a baseline less than 2 km the worst case absolute
accuracy will be + 5.0 cm with a typical accuracy of + 2.5 cm. Synchronization errors between
the EM detector and the GPS will be reduced by calibration down to the resolution of the
sampling rate of 0.03 second. In sloping terrain there will be an additional error when the GPS
antennae pole varies from the vertical.
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In the forested areas we will use an electronic cotton odometer system to track the sensors
positions along line. This system has an inherent along-line accuracy of <l percent and a
resolution of 5 cm. However, when the start and end positions are known, this error is reduced
to <0.2 percent of the distance between known points. In this case we propose to have control
lines at not greater than 25 m intervals. That is an accuracy of + 5 cm.

Estimated Accuracy of the Navigation System: The primary navigation method will be the use
of accurately placed sighters along control lines. The operators must then keep at least two
sighters in line with the center point of the sensor array. This navigation technique will be used
with both the cotton and GPS position tracking systems. The advantage of system is its
simplicity and applicability to difficult situations. The accuracy of this system depends on the
accuracy of the pegged grid and the diligence of the operators. The anticipated typical across-
line error is +10 cm. The effective swath width of the 2-sensor-array will be 1.2 m. The nominal
lane spacing of 1.0 m will allow for cross-line navigation variations.

QA of Positioning: The GEOSOFT DOD UXO QA System will be used to report on "Line
Coverage Comparison". This report will allow the quantification of the data positioning on a line
basis. Lines that fail will trigger "Re-Do" orders to field crew leaders.

QA of Sensor Data Quality: The quality of each sub-line of data will be quantified as the largest
distance with consecutive invalid sensor data. If a sub-line fails the criteria then a "Re-Do" order
will be triggered. The magnetometer base-station will be subjected to similar quality
quantification and recording process.

QA Based on a Two Traverse Resurvey: The sensor data and interpretation will be compared to
the original and the whole-system repeatability will be reported for quality assurance.

QA of Data Processing: During data processing the dates and times of the various data streams
will be automatically correlated by the software. A second QC geophysicist will check the
quality of the raw data, the selected processing parameters, interpretation parameters and the
final gridded data. They will then provide quality assurance of the interpretation by checking
each grid of data for missed anomalies. The QC geophysicist can then add but not delete more
anomalies. The QC geophysicist will then repeat the discrimination process on 10 percent of the
anomalies and compare the results. This process will then assure the quality of the final
prioritized dig sheet result. This will then allow the generation of a quantified assured depth of
detection versus caliber graph.

QA of Reacquisition and Validation: After anomaly validation entry of the finds into the dig
sheet (based on the template "Attachment C, DID OE-005-05.01") the dig-sheet is returned to the
processing geophysicist. The Processing Geophysicist then checks the description of the finds
against the interpretation. Any discrepancies would be tracked on the dig-sheet into columns
provided and the validation team may be asked to reinvestigate those items not signed off by the
geophysicist. The completed dig sheet will then provide a further QA product.

2.1.6 Additional Records

The following record(s) by this vendor can be accessed via the Internet as MicroSoft Word
documents at www.uxotestsites.org, Additional information found in Scoring Record #154.
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2.2 APG SITE INFORMATION
2.2.1 Location

The APG Standardized Test Site is located within a secured range area of the Aberdeen
Area. The Aberdeen Area of APG is located approximately 30 miles northeast of Baltimore at
the northern end of the Chesapeake Bay. The Standardized Test Site encompasses 17 acres of
upland and lowland flats, woods and wetlands.

2.2.2 Soil Type

According to the soils survey conducted for the entire area of APG in 1998, the test site
consists primarily of Elkton Series type soil (ref 2). The Elkton Series consist of very deep,
slowly permeable, poorly drained soils. These soils formed in silty aeolin sediments and the
underlying loamy alluvial and marine sediments. They are on upland and lowland flats and in
depressions of the Mid-Atlantic Coastal Plain. Slopes range from 0 to 2 percent.

ERDC conducted a site-specific analysis in May of 2002 (ref 3). The results basically
matched the soil survey mentioned above. Seventy percent of the samples taken were classified
as silty loam. The majority (77 percent) of the soil samples had a measured water content
between 15- and 30-percent with the water content decreasing slightly with depth.

For more details concerning the soil properties at the APG test site, go to
www.uxotestsites.org on the web to view the entire soils description report.

2.2.3 Test Areas

A description of the test site areas at APG is included in Table 2.

TABLE 2. TEST SITE AREAS

Area Description
Calibration Grid |Contains 14 standard ordnance items buried in six positions at various angles and
depths to allow demonstrator to calibrate their equipment.
Blind Test Grid Contains 400 grid cells in a 0.2-hectare (0.5 acre) site. The center of each grid cell
contains ordnance, clutter or nothing.

Open Field A 4-hectare (10-acre) site containing open areas, dips, ruts and obstructions that
challenge platform systems or hand held detectors. The challenges include a
gravel road, wet areas and trees. The vegetation height varies from 15 to 25 cm.

Woods 1.34-acre area consisting of cleared woods (tree removal with only stumps
remaining), partially cleared woods (including all underbrush and fallen trees),
and virgin woods (i.e., woods in natural state with all trees, underbrush, and
fallen trees left in place).
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SECTION 3. FIELD DATA

3.1 DATE OF FIELD ACTIVITIES (23 and 24 October 2003)
3.2 AREAS TESTED/NUMBER OF HOURS

Areas tested and total number of hours operated at each site are summarized in Table 3.

TABLE 3. AREAS TESTED AND

NUMBER OF HOURS

Area Number of Hours
Calibration Lanes 3.75
Woods 10.17

3.3 TEST CONDITIONS

3.3.1 Weather Conditions

An APG weather station located approximately one mile west of the test site was used to
record average temperature and precipitation on a half hour basis for each day of operation. The
temperatures listed in Table 4 represent the average temperature during field operations from
0700 to 1700 hours while precipitation data represents a daily total amount of rainfall. Hourly
weather logs used to generate this summary are provided in Appendix B.

TABLE 4. TEMPERATURE/PRECIPITATION DATA SUMMARY

Date, 2003 Average Temperature, °F | Total Daily Precipitation, in.
October 23 44.38 0.00
October 24 49.45 0.01

3.3.2 Field Conditions

G-TEK surveyed the Wooded area with the TM-5 EMU 23 and 24 October 2003. The
Wooded area was muddy due to rain events occurring before and during testing.

3.3.3 Soil Moisture

Three soil probes were placed at various locations within the site to capture soil moisture
data: Blind Grid, Calibration, Mogul, and Open Field areas. Measurements were collected in
percent moisture and were taken twice daily (morning and afternoon) from five different soil
depths (1 to 6in., 6to 12 in., 12 to 24 in., 24 to 36 in., and 36 to 48 in.) from each probe. Soil
moisture logs are included in Appendix C.
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3.4 FIELD ACTIVITIES

3.4.1 Setup/Mobilization

These activities included initial mobilization and daily equipment preparation and break
down. A two-person crew took 2 hours and 45 minutes to perform the initial setup and
mobilization. There was 55 minutes of daily equipment preparation and end of the day
equipment break down lasted 15 minutes.

3.4.2 Calibration
GTEK spent a total of 3 hours and 45 minutes in the calibration lanes, 3 hours and
10 minutes of which was spent collecting data. Calibration events in the woods took a total of

20 minutes.

3.4.3 Downtime Qccasions

Occasions of downtime are grouped into five categories: equipment/data checks or
equipment maintenance, equipment failure and repair, weather, Demonstration Site issues, or
breaks/lunch. All downtime is included for the purposes of calculating labor costs (section 5)
except for downtime due to Demonstration Site issues. Demonstration Site issues, while noted in
the Daily Log, are considered non-chargeable downtime for the purposes of calculating labor
costs and are not discussed. Breaks and lunches are discussed in this section and billed to the
total Site Survey area.

3.4.3.1 Equipment/data checks, maintenance. Equipment data checks and maintenance
activities accounted for 1-hour and 5 minutes of site usage time. These activities included
changing out batteries and routine data checks to ensure the data was being properly
recorded/collected. G-TEK spent no time for breaks and lunches.

3.4.3.2 Equipment failure or repair. No time was needed to resolve equipment failures that
occurred while surveying the Woods.

3.4.3.3 Weather. No weather delays occurred during the survey.

3.4.4 Data Collection

GTEK spent a total time of 10 hours and 10 minutes in the Wooded area, 7 hours and
55 minutes of which was spent collecting data.

3.4.5 Demobilization

The G-TEK survey crew went on to conduct a full demonstration of the site. Therefore,
demobilization did not occur until 24 October 2003. On that day, it took the crew 3 hours and
5 minutes to break down and pack up their equipment.
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3.5 PROCESSING TIME

G-TEK submitted the raw data from the demonstration activities on the last day of the
demonstration, as required. The scoring submittal data was also provided within the required
30-day timeframe.

3.6 DEMONSTRATOR’S FIELD PERSONNEL

Mr. Peter Clark, Site Manager

Mr. Paul O’Donnell, Geophysicist

Mr. Bruce Symans, Crew Leader

Mr. Graham Browne, Field Technician

Mr. Terry Foot, Data Acquisition, Grid Setup

3.7 DEMONSTRATOR’S FIELD SURVEYING METHOD

G-TEK started surveying the Wooded area in the northwest portion and surveyed in an
west/east direction, going from the cleared area of the woods to the uncleared areas. One lane
was surveyed and then the demonstrator returned to the beginning of the next lane. Also, G-TEK
surveyed approximately thirty percent of the woods with the dual sensor TM5-EMU and the
remainder seventy percent was surveyed with a single sensor TM5-EMU.

3.8 SUMMARY OF DAILY LOGS

Daily logs capture all field activities during this demonstration and are located in
Appendix D. Activities pertinent to this specific demonstration are indicated in highlighted text.
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SECTION 4. TECHNICAL PERFORMANCE RESULTS

4.1 ROC CURVES USING ALL ORDNANCE CATEGORIES

Figure 2 shows the probability of detection for the response stage (P¢™") and the
discrimination stage (Pa*™°) versus their respective probability of false positive. Figure 3 shows
both probabilities plotted against their respective background alarm rate. Both figures use
horizontal lines to illustrate the performance of the demonstrator at two demonstrator-specified
points: at the system noise level for the response stage, representing the point below which
targets are not considered detectable, and at the demonstrator’s recommended threshold level for
the discrimination stage, defining the subset of targets the demonstrator would recommend
digging based on discrimination. Note that all points have been rounded to protect the ground
truth.
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Figure 2. TM-5 EMU wooded area probability of detection for response and discrimination stages
versus their respective probability of false positive over all ordnance categories combined.
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Figure 3. TM-5 EMU wooded area probability of detection for response and discrimination stages
versus their respective background alarm rate over all ordnance categories combined.

4.2 ROC CURVES USING ORDNANCE LARGER THAN 20 MM

Figure 4 shows the probability of detection for the response stage (P4) and the
discrimination stage (P4™) versus their respective probability of false positive when only targets
larger than 20 mm are scored. Figure 5 shows both probabilities plotted against their respective
background alarm rate. Both figures use horizontal lines to illustrate the performance of the
demonstrator at two demonstrator-specified points: at the system noise level for the response
stage, representing the point below which targets are not considered detectable, and at the
demonstrator’s recommended threshold level for the discrimination stage, defining the subset of
targets the demonstrator would recommend digging based on discrimination. Note that all points
have been rounded to protect the ground truth.

20



— Thirashoid
Responss
@ | — Discrimination
L=
S
L e e e
o
kS
=1
=
=
i R e e
o ———
.ffI
o
[ ]
o - - - -
(1] B2 Q4 0% D8 k]
Preb of False Pasitive

Figure 4. TM-5 EMU wooded area probability of detection for response and discrimination stages
versus their respective probability of false positive for all ordnance larger than 20 mm.
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Figure 5. TM-5 EMU wooded area probability of detection for response and discrimination stages
versus their respective background alarm rate for all ordnance larger than 20 mm.
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4.3 PERFORMANCE SUMMARIES

Results of the wooded area test, broken out by size, depth and nonstandard ordnance are
presented in Table 5 (for cost results, see section 5). Results by size and depth include both
standard and nonstandard ordnance. The results by size show how well the demonstrator did at
detecting/discriminating ordnance of a certain caliber range (see app A for size definitions). The
results are relative to the number of ordnance items emplaced. Depth is measured from the
geometric center of anomalies.

The RESPONSE STAGE results are derived from the list of anomalies above the
demonstrator-provided noise level. The results for the DISCRIMINATION STAGE are derived
from the demonstrator’s recommended threshold for optimizing UXO field cleanup by
minimizing false digs and maximizing ordnance recovery. The lower 90 percent confidence
limit on probability of detection and Pg, was calculated assuming that the number of detections
and false positives are binomially distributed random variables. All results in Table 5 have been
rounded to protect the ground truth. However, lower confidence limits were calculated using
actual results.

TABLE 5. SUMMARY OF WOODED RESULTS FOR TM-5 EMU

By Size By Depth, m
Metric Overall | Standard Nonstandard Smalﬂ Medium ‘ Large | <0.3 ‘ 0.3 to <ﬂ >=1 |

RESPONSE STAGE )
Py 0.45 0.50 0.40 0.45 0.55 0.50 | 0.60 0.40 0.05
Py Low 90% Conf 0.42 0.43 0.33 0.36 0.44 0.34 | 0.53 0.30 0.01
P4 Upper 90% Conf 0.52 0.56 0.51 0.51 0.63 0.66 0.68 0.48 0.21
Pg, 0.45 - - - - - 0.50 0.50 0.20
Pg, Low 90% Conf 0.43 - - = - - 0.44 0.44 0.10
Pg, Upper 90% Conf 0.50 - - - - - 0.54 0.53 0.29
BAR 0.50 - - -

DISCRIMINATION STAGE

Py 0.30 0.30 0.30 0.30 0.30 0.40 | 030 0.35 0.05
P4 Low 90% Conf 0.25 0.24 0.22 0.22 0.22 0.25 0.23 0.29 0.01
Py Upper 90% Conf 0.35 0.36 0.39 0.35 0.40 0.57 0.36 0.46 0.21
P, 0.30 - - . ] - |20 045 | 010
Pg Low 90% Conf 0.28 = - - - - 0.15 0.39 0.05
P Upper 90% Conf 0.34 - - - - - 0.23 0.48 0.22
BAR 0.30 - - - - -

Response Stage Noise Level: 1.70
Recommended Discrimination Stage Threshold: 0.59

Note: The recommended discrimination stage threshold values are provided by the demonstrator.
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4.4 EFFICIENCY, REJECTION RATES, AND TYPE CLASSIFICATION

Efficiency and rejection rates are calculated to quantify the discrimination ability at
specific points of interest on the ROC curve: (1) at the point where no decrease in Py is suffered

(i.e., the efficiency is by definition equal to one) and (2) at the operator selected threshold.
These values are reported in Table 6.

TABLE 6. EFFICIENCY AND REJECTION RATES

False Positive | Background Alarm
Efficiency (E) | Rejection Rate Rejection Rate
At Operating Point 0.63 0.34 0.44

With No Loss of P4 1.00 0.00 0.00

At the demonstrator’s recommended setting, the ordnance items that were detected and
correctly discriminated were further scored on whether their correct type could be identified
(table 7). Correct type examples include “20-mm projectile, 105-mm HEAT Projectile, and
2.75-inch Rocket”. A list of the standard type declaration required for each ordnance item was

provided to demonstrators prior to testing. For example, the standard type for the three example
items are 20mmP, 105H, and 2.75in, respectively.

TABLE 7. CORRECT TYPE CLASSIFICATION
OF TARGETS CORRECTLY
DISCRIMINATED AS UXO

Size Percentage Correct
Small 8.3
Medium 0.0
Large 0.0
Overall 4.2

4.5 LOCATION ACCURACY

The mean location error and standard deviations appear in Table 8. These calculations are
based on average missed depth for ordnance correctly identified in the discrimination stage.
Depths are measured from the closest point of the ordnance to the surface. For the Blind Grid,
only depth errors are calculated, since (X, Y) positions are known to be the centers of each grid
square.
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TABLE 8. MEAN LOCATION ERROR AND

STANDARD DEVIATION (M)
Mean Standard Deviation
Northing 0.09 0.26
Easting 0.02 0.22
Depth -0.39 0.28
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SECTION 5. ON-SITE LABOR COSTS

A standardized estimate for labor costs associated with this effort was calculated as
follows: the first person at the test site was designated “supervisor”, the second person was
designated “data analyst”, and the third and following personnel were considered “field support”.
Standardized hourly labor rates were charged by title: supervisor at $95.00/hour, data analyst at
$57.00/hour, and field support at $28.50/hour.

Government representatives monitored on-site activity. All on-site activities were
grouped into one of ten categories: initial setup/mobilization, daily setup/stop, calibration,
collecting data, downtime due to break/lunch, downtime due to equipment failure, downtime due
to equipment/data checks or maintenance, downtime due to weather, downtime due to
demonstration site issue, or demobilization. See Appendix D for the daily activity log. See
section 3.4 for a summary of field activities.

The standardized cost estimate associated with the labor needed to perform the field
activities is presented in Table 9. Note that calibration time includes time spent in the
Calibration Lanes as well as field calibrations. “Site survey time” includes daily setup/stop time,
collecting data, breaks/lunch, downtime due to equipment/data checks or maintenance, downtime
due to failure, and downtime due to weather.

TABLE 9. ON-SITE LABOR COSTS

No. People | Hourly Wage ’ Hours ’ Cost
Initial Setup
Supervisor 1 $95.00 275 $261.25
Data Analyst 1 57.00 e 156.75
Field Support 0 28.50 0.00 0.00
SubTotal $418.00
Calibration
Supervisor 1 $95.00 4.08 $387.60
Data Analyst 1 57.00 4.08 232.56
Field Support 0 28.50 0.00 0.00
SubTotal $620.16
Site Survey
Supervisor 1 $95.00 10.17 $966.15
Data Analyst 1 57.00 10.17 579.69
Field Support 0 28.50 0.00 0.00
SubTotal $1,545.84

See notes at end of table.
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TABLE 9 (CONT’D)

| No. People [ Hourly Wage | Hours [ Cost
Demobilization
Supervisor 1 $95.00 3.08 $292.60
Data Analyst 1 57.00 3.08 175.56
Field Support 0 28.50 0.00 0.00
Subtotal $468.16
Total $3,052.16

Notes: Calibration time includes time spent in the Calibration Lanes as well as calibration
before each data run.

Site Survey time includes daily setup/stop time, collecting data, breaks/lunch, downtime
due to system maintenance, failure, and weather.
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SECTION 6. COMPARISON OF RESULTS TO OPEN FIELD DEMONSTRATION

6.1 SUMMARY OF RESULTS FROM OPEN FIELD DEMONSTRATION

Table 10 shows the results from Open Field survey conducted prior to surveying the
Moguls during the same site visit in October of 2003. For more details on the Open Field survey
results reference section 2.1.6.

TABLE 10. SUMMARY OF OPEN FIELD RESULTS FOR THE
TM-5 EMU/HAND HELD SLING

By Size By Depth, m
Metric Overall | Standard Nonstandard Small | Medium ‘ Large | <03 [03to<l | >=1
RESPONSE STAGE
Py 0.65 0.70 0.55 0.65 0.65 0.65 | 0.80 0.60 0.30
P4 Low 90% Conf 0.62 0.67 0.50 0.60 0.58 0.59 | 0.77 0.56 0.23
P4 Upper 90% Conf 0.69 0.75 0.62 0.70 0.70 074 | 0.85 0.68 0.39
P, 0.55 - - - - - 0.35 0.50 0.45
Py Low 90% Conf 0.52 - - - - - 0.54 0.49 0.26
Pg, Upper 90% Conf 0.56 - - - - - 0.60 0.55 0.62
BAR 1.00 - - - - -
DISCRIMINATION STAGE

Py 0.45 0.50 0.35 0.50 0.35 0.50 | 0.50 0.45 0.30
Py Low 90% Conf 0.41 0.45 0.31 0.42 0.31 0.43 | 043 0.41 0.21
P4 Upper 90% Conf 0.48 0.54 0.42 0.53 0.43 0.59 | 0.54 0.53 037
Pg 0.35 - - - - - 0.25 0.45 0.40
Ps, Low 90% Conf 0.31 - - - - - 0.21 0.40 0.21
Pg, Upper 90% Conf 0.35 - - - - - 0.26 0.46 0.57
BAR 0.70 - - -

6.2 COMPARISON OF ROC CURVES USING ALL ORDNANCE CATEGORIES

 Figure 6 shows P4™® versus the respective P, over all ordnance categories. Figure 7 shows
P4**° versus their respective Py, over all ordnance categories. Figure 7 uses horizontal lines to
illustrate the performance of the demonstrator at the recommended discrimination threshold
levels, defining the subset of targets the demonstrator would recommend digging based on
discrimination.
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Figure 6. TM-5 EMU/hand held sling P4 stages versus the respective Py, over all ordnance
categories combined.
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Figure 7. TM-5 EMU/hand held sling P versus the respective Pg, over all ordnance
categories combined.
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6.3 COMPARISON OF ROC CURVES USING ORDNANCE LARGER THAN 20 MM
Figure 8 shows the P4 versus the respective probability of Pg, over ordnance larger than
20 mm. Figure 9 shows P,"* versus the respective Py, over ordnance larger than 20 mm.
Figure 9 uses horizontal lines to illustrate the performance of the demonstrator at the
recommended discrimination threshold levels, defining the subset of targets the demonstrator
would recommend digging based on discrimination.
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Figure 8. TM-5 EMU/hand held sling P4 versus the respective Pg, for ordnance larger than
20 mm.
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Figure 9. TM-5 EMU/hand held sling Ps** versus the respective Py, for ordnance larger than
20 mm.

6.4 STATISTICAL COMPARISONS

Statistical Chi-square significance tests were used to compare results between the Open
Field and Mogul Area scenarios. The intent of the comparison is to determine if the featurc
introduced in each scenario has a degrading effect on the performance of the sensor system.
However, any modifications in the UXO sensor system during the test, like changes in the
processing or changes In the selection of the operating threshold, will also contribute to
performance differences.

The Chi-square test for comparison between ratios was used at a significance level of
0.05 to compare Open Field to Mogul area with regard to Py, Py®*, P and prd‘sc, Efficiency
and Rejection Rate. These results are presented in Table 11. A detailed explanation and
example of the Chi-square application is located in Appendix A.
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TABLE 11. CHI-SQUARE RESULTS - OPEN FIELD VERSUS MOGULS

| Metric Small | Medium Large Overall |
Ba Significant Not Significant | Not Significant Significant

| B Significant Not Significant Significant Significant
Pe Not Significant | Not Significant | Not Significant Significant
P> - . : Not Significant

| Efficiency | - - | - Not Significant
Rejection rate i - - 8 Not Significant
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SECTION 7. APPENDIXES

APPENDIX A. TERMS AND DEFINITIONS
GENERAL DEFINITIONS

Anomaly: Location of a system response deemed to warrant further investigation by the
demonstrator for consideration as an emplaced ordnance item.

Detection: An anomaly location that is within Ry, of an emplaced ordnance item.

Emplaced Ordnance: An ordnance item buried by the government at a specified location in the
test site.

Emplaced Clutter: A clutter item (i.e., non-ordnance item) buried by the government at a
specified location in the test site.

Rhaio: A pre-determined radius about the periphery of an emplaced item (clutter or ordnance)
within which a location identified by the demonstrator as being of interest is considered to be a
response from that item. If multiple declarations lie within Ry, of any item (clutter or
ordnance), the declaration with the highest signal output within the Ry, will be utilized. For the
purpose of this program, a circular halo 0.5 meters in radius will be placed around the center of
the object for all clutter and ordnance items less than 0.6 meters in length. When ordnance items
are longer than 0.6 meters, the halo becomes an ellipse where the minor axis remains 1 meter and
the major axis is equal to the length of the ordnance plus 1 meter.

Small Ordnance: Caliber of ordnance less than or equal to 40 mm (includes 20-mm projectile,
40-mm projectile, submunitions BLU-26, BLU-63, and M42).

Medium Ordnance: Caliber of ordnance greater than 40 mm and less than or equal to 81 mm
(includes 57-mm projectile, 60-mm mortar, 2.75 in. Rocket, MK118 Rockeye, 81-mm mortar).

Large Ordnance: Caliber of ordnance greater than 81 mm (includes 105-mm HEAT, 105-mm
projectile, 155-mm projectile, 500-pound bomb).

Shallow: Items buried less than 0.3 meter below ground surface.

Medium: Items buried greater than or equal to 0.3 meter and less than 1 meter below ground
surface.

Deep: Items buried greater than or equal to 1 meter below ground surface.
Response Stage Noise Level: The level that represents the point below which anomalies are not

considered detectable. Demonstrators are required to provide the recommended noise level for
the Blind Grid test area.
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Discrimination Stage Threshold: The demonstrator selected threshold level that they believe
provides optimum performance of the system by retaining all detectable ordnance and rejecting
the maximum amount of clutter. This level defines the subset of anomalies the demonstrator
would recommend digging based on discrimination.

Binomially Distributed Random Variable: A random variable of the type which has only two
possible outcomes, say success and failure, is repeated for n independent trials with the
probability p of success and the probability 1-p of failure being the same for each trial. The
number of successes x observed in the n trials is an estimate of p and is considered to be a
binomially distributed random variable.

RESPONSE AND DISCRIMINATION STAGE DATA

The scoring of the demonstrator’s performance is conducted in two stages. These two
stages are termed the RESPONSE STAGE and DISCRIMINATION STAGE. For both stages,
the probability of detection (Pq) and the false alarms are reported as receiver operating
characteristic (ROC) curves. False alarms are divided into those anomalies that correspond to
emplaced clutter items, measuring the probability of false positive (Pg) and those that do not
correspond to any known item, termed background alarms.

The RESPONSE STAGE scoring evaluates the ability of the system to detect emplaced
targets without regard to ability to discriminate ordnance from other anomalies. For the
RESPONSE STAGE, the demonstrator provides the scoring committee with the location and
signal strength of all anomalies that the demonstrator has deemed sufficient to warrant further
investigation and/or processing as potential emplaced ordnance items. This list is generated with
minimal processing (e.g., this list will include all signals above the system noise threshold). As
such, it represents the most inclusive list of anomalies.

The DISCRIMINATION STAGE evaluates the demonstrator’s ability to correctly identify
ordnance as such, and to reject clutter. For the same locations as in the RESPONSE STAGE
anomaly list, the DISCRIMINATION STAGE list contains the output of the algorithms applied
in the discrimination-stage processing. This list is prioritized based on the demonstrator’s
determination that an anomaly location is likely to contain ordnance. Thus, higher output values
are indicative of higher confidence that an ordnance item is present at the specified location. For
electronic signal processing, priority ranking is based on algorithm output. For other systems,
priority ranking is based on human judgment. The demonstrator also selects the threshold that
the demonstrator believes will provide “optimum” system performance, (i.e., that retains all the
detected ordnance and rejects the maximum amount of clutter).

Note: The two lists provided by the demonstrator contain identical numbers of potential target
locations. They differ only in the priority ranking of the declarations.
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RESPONSE STAGE DEFINITIONS

Response Stage Probability of Detection (Pg™): Py = (No. of response-stage detections)/
(No. of emplaced ordnance in the test site).

Response Stage False Positive (fp™): An anomaly location that is within Ry, of an emplaced
clutter item.

Response Stage Probability of False Positive (Pg ™) Py = (No. of response-stage false
positives)/(No. of emplaced clutter items).

Response Stage Background Alarm (ba™): An anomaly in a blind grid cell that contains neither
emplaced ordnance nor an emplaced clutter item. An anomaly location in the open field or
scenarios that is outside Ry, of any emplaced ordnance or emplaced clutter item.

Response Stage Probability of Background Alarm (Pp,"*): Blind Grid only: Py, = (No. of
response-stage background alarms)/(No. of empty grid locations).

Response Stage Background Alarm Rate (BAR™): Open Field only: BAR™ = (No. of
response-stage background alarms)/(arbitrary constant).

Note that the quantities Py, Py, Ppa, and BAR™ are functions of t™, the threshold
applied to the response-stage signal strength. These quantities can therefore be written as
Py (t"™), Py (), Poa (t"), and BAR™(t™).

DISCRIMINATION STAGE DEFINITIONS

Discrimination: The application of a signal processing algorithm or human judgment to
response-stage data that discriminates ordnance from clutter. Discrimination should identify
anomalies that the demonstrator has high confidence correspond to ordnance, as well as those
that the demonstrator has high confidence correspond to nonordnance or background returns.
The former should be ranked with highest priority and the latter with lowest.

Discrimination Stage Probability of Detection (Pa¥*): P = (No. of discrimination-stage
detections)/(No. of emplaced ordnance in the test site).

Discrimination Stage False Positive (fp®
emplaced clutter item.

): An anomaly location that is within Ry, of an

Discrimination Stage Probability of False Positive (prdisc): prdisc = (No. of discrimination stage
false positives)/(No. of emplaced clutter items).
Discrimination Stage Background Alarm (ba’%): An anomaly in a blind grid cell that contains
neither emplaced ordnance nor an emplaced clutter item. An anomaly location in the open field
or scenarios that is outside Rp,j, of any emplaced ordnance or emplaced clutter item.
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Discrimination Stage Probability of Background Alarm (Py,™): Pp,**

stage background alarms)/(No. of empty grid locations).

= (No. of discrimination-

Discrimination Stage Background Alarm Rate (BARY*): BARY* = (No. of discrimination-stage
background alarms)/(arbitrary constant).

Note that the quantities Pa®*, P, ", Py,*, and BARY™ are functions of t**°, the threshold

apg)hed to the discrimination-stage swnal strength. These quantities can therefore be written as
|sc(tdjsc P dISC( dlSC) Pb dlSC(tdlSC) and BARdlSC(tdISC)
a

RECEIVER-OPERATING CHARACERISTIC (ROC) CURVES

ROC curves at both the response and discrimination stages can be constructed based on the
above definitions. The ROC curves plot the relationship between Py versus Py, and Py versus
BAR or Py, as the threshold applied to the signal strength is varied from its minimum (tpy;o) to its
maximum (tmax) value.! Figure A-1 shows how Py versus Py, and Py versus BAR are combined
into ROC curves. Note that the “res” and “disc” superscripts have been suppressed from all the
variables for clarity.

Figure A-1. ROC curves for open field testing. Each curve applies to both the response and
discrimination stages.

'Strictly speaking, ROC curves plot the Py versus Py, over a pre-determined and fixed number of
detection opportunities (some of the opportunities are located over ordnance and others are
located over clutter or blank spots). In an open field scenario, each system suppresses its signal
strength reports until some bare-minimum signal response is received by the system.
Consequently, the open field ROC curves do not have information from low signal-output
locations, and, furthermore, different contractors report their signals over a different set of
locations on the ground. These ROC curves are thus not true to the strict definition of ROC
curves as defined in textbooks on detection theory. Note, however, that the ROC curves
obtained in the Blind Grid test sites are true ROC curves.
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METRICS TO CHARACTERIZE THE DISCRIMINATION STAGE

The demonstrator is also scored on efficiency and rejection ratio, which measure the
effectiveness of the discrimination stage processing. The goal of discrimination is to retain the
greatest number of ordnance detections from the anomaly list, while rejecting the maximum
number of anomalies arising from nonordnance items. The efficiency measures the amount of
detected ordnance retained by the discrimination, while the rejection ratio measures the fraction
of false alarms rejected. Both measures are defined relative to the entire response list, i.e., the
maximum ordnance detectable by the sensor and its accompanying false positive rate or
background alarm rate.

Efficiency (E): E = Py (t™)/P"™ (tms™); Measures (at a threshold of interest), the degree
to which the maximum theoretical detection performance of the sensor system (as determined by
the response stage tmin) is preserved after application of discrimination techniques. Efficiency is
a number between O and 1. An efficiency of 1 implies that all of the ordnance initially detected
in the response stage was retained at the specified threshold in the discrimination stage, t*°.

False Positive Rejection Rate (Rg): Rgp = 1 - [P ()P (tnin™)]; Measures (at a
threshold of interest), the degree to which the sensor system'’s false positive performance is
improved over the maximum false positive performance (as determined by the response stage
tmin). The rejection rate is a number between 0 and 1. A rejection rate of 1 implies that all
emplaced clutter initially detected in the response stage were correctly rejected at the specified
threshold in the discrimination stage.

Background Alarm Rejection Rate (Ry,):

Blind Grid: Rpa=1 - [pbadisc('tdisc) B
Open Field: Ryg = 1 - [BAR®(t4)/BAR™ (tin™)]).

Measures the degree to which the discrimination stage correctly rejects background alarms
initially detected in the response stage. The rejection rate is a number between O and 1. A
rejection rate of 1 implies that all background alarms initially detected in the response stage were
rejected at the specified threshold in the discrimination stage.

CHI-SQUARE COMPARISON EXPLANATION:

The Chi-square test for differences in probabilities (or 2 x 2 contingency table) is used to
analyze two samples drawn from two different populations to see if both populations have the
same or different proportions of elements in a certain category. More specifically, two random
samples are drawn, one from each population, to test the null hypothesis that the probability of
event A (some specified event) is the same for both populations (ref 3).

A 2 x 2 contingency table is used in the Standardized UXO Technology Demonstration
Site Program to determine if there is reason to believe that the proportion of ordnance correctly
detected/discriminated by demonstrator X’s system is significantly degraded by the more
challenging terrain feature introduced. The test statistic of the 2 x 2 contingency table is the
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Chi-square distribution with one degree of freedom. Since an association between the more
challenging terrain feature and relatively degraded performance is sought, a one-sided test is
performed. A significance level of 0.05 is chosen which sets a critical decision limit of
2.71 from the Chi-square distribution with one degree of freedom. It is a critical decision limit
because if the test statistic calculated from the data exceeds this value, the two proportions tested
will be considered significantly different. If the test statistic calculated from the data is less than
this value, the two proportions tested will be considered not significantly different.

An exception must be applied when either a 0 or 100 percent success rate occurs in the
sample data. The Chi-square test cannot be used in these instances. Instead, Fischer’s test is
used and the critical decision limit for one-sided tests is the chosen significance level, which in
this case is 0.05. With Fischer’s test, if the test statistic is less than the critical value, the
proportions are considered to be significantly different.

Standardized UXO Technology Demonstration Site examples, where blind grid results are
compared to those from the open field and open field results are compared to those from one of
the scenarios, follow. It should be noted that a significant result does not prove a cause and
effect relationship exists between the two populations of interest; however, it does serve as a tool
to indicate that one data set has experienced a degradation in system performance at a large
enough level than can be accounted for merely by chance or random variation. Note also that a
result that is not significant indicates that there is not enough evidence to declare that anything
more than chance or random variation within the same population is at work between the two
data sets being compared.

Demonstrator X achieves the following overall results after surveying each of the three
progressively more difficult areas using the same system (results indicate the number of
ordnance detected divided by the number of ordnance emplaced):

Blind Grid Open Field Moguls
P4 100/100 = 1.0 8/10 = .80 20/33 = .61
P,35¢ 80/100 = 0.80 6/10 = .60 8/33 = .24

P4 BLIND GRID versus OPEN FIELD. Using the example data above to compare
probabilities of detection in the response stage, all 100 ordnance out of 100 emplaced ordnance
items were detected in the blind grid while 8 ordnance out of 10 emplaced were detected in the
open field. Fischer’s test must be used since a 100 percent success rate occurs in the data.
Fischer’s test uses the four input values to calculate a test statistic of 0.0075 that is compared
against the critical value of 0.05. Since the test statistic is less than the critical value, the smaller
response stage detection rate (0.80) is considered to be significantly less at the 0.05 level of
significance. While a significant result does not prove a cause and effect relationship exists
between the change in survey area and degradation in performance, it does indicate that the
detection ability of demonstrator X’s system seems to have been degraded in the open field
relative to results from the blind grid using the same system.



Py"; BLIND GRID versus OPEN FIELD. Using the example data above to compare
probabilities of detection in the discrimination stage, 80 out of 100 emplaced ordnance items
were correctly discriminated as ordnance in blind grid testing while 6 ordnance out of
10 emplaced were correctly discriminated as such in open field-testing. Those four values are
used to calculate a test statistic of 1.12. Since the test statistic is less than the critical value of
2.71, the two discrimination stage detection rates are considered to be not significantly different
at the 0.05 level of significance.

P4*: OPEN FIELD versus MOGULS. Using the example data above to compare
probabilities of detection in the response stage, 8 out of 10 and 20 out of 33 are used to calculate
a test statistic of 0.56. Since the test statistic is less than the critical value of 2.71, the two
response stage detection rates are considered to be not significantly different at the 0.05 level of
significance.

P, OPEN FIELD versus MOGULS. Using the example data above to compare
probabilities of detection in the discrimination stage, 6 out of 10 and 8 out of 33 are used to
calculate a test statistic of 2.98. Since the test statistic is greater than the critical value of 2.71,
the smaller discrimination stage detection rate is considered to be significantly less at the
0.05 level of significance. While a significant result does not prove a cause and effect
relationship exists between the change in survey area and degradation in performance, it does
indicate that the ability of demonstrator X to correctly discriminate seems to have been degraded
by the mogul terrain relative to results from the flat open field using the same system.
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APPENDIX B. DAILY WEATHER LOGS

TABLE B-1. WEATHER LOG

Average Temp Maximum Minimum Relative Total Precip
Date & Time (°F) Temp (°F) Temp (°F) Humidity (%) (in)
10/13/2003 63.0 63.9 62.4 86.50 0.00
00:00
10/13/2003 64.0 64.9 62.8 80.20 0.00
01:00
10/13/2003 63.0 64.5 61.6 71.39 0.00
02:00
10/13/2003 60.8 62.1 59.8 70.15 0.00
03:00
10/13/2003 59.1 60.3 57.7 70.46 0.00
04:00
10/13/2003 553 57.8 53.0 78.39 0.00
05:00
10/13/2003 55.1 56.3 52.8 76.67 0.00
06:00
10/13/2003 51.6 53.2 50.3 86.30 0.00
07:00
10/13/2003 55.8 60.6 51.2 81.90 0.00
08:00
10/13/2003 62 63.3 60.5 62.18 0.00
09:00
10/13/2003 64.6 65.9 63.0 54.90 0.00
10:00
10/13/2003 66.7 67.7 65.5 48.23 0.00
11:00
10/13/2003 68.6 70.2 67.5 44.38 0.00
12:00
10/13/2003 70.5 71.5 69.7 42.08 0.00
13:00
10/13/2003 72.0 73.0 71.3 39.13 0.00
14:00
10/13/2003 72.5 73.2 T1.7 37.51 0.00
15:00
10/13/2003 72.9 74.1 71.9 37.03 0.00
16:00
10/13/2003 70.5 73.1 67.7 4483 0.00
17:00
10/13/2003 63.6 67.7 60.4 64.13 0.00
18:00
10/13/2003 58.2 60.8 56.1 81.30 0.00
19:00
10/13/2003 54.8 56.5 52.6 89.60 0.00
20:00
10/13/2003 52.6 53.3 51.8 95.10 0.00
21:00
10/13/2003 51.7 53.0 50.2 96.60 0.00
22:00
10/13/2003 50.1 51.3 48.6 97.50 0.00
23:00
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TABLE B-1 (CONT’D)

Date & Time |Average Temp Maximum Minimum Relative Total Precip
(°F) Temp (°F) Temp (°F) Humidity (%) (in)
10/14/2003 49.5 50.6 48.5 97.70 0.00
00:00
10/14/2003 48.4 49.0 479 98.10 0.00
01:00
10/14/2003 48.1 48.9 47.6 98.50 0.00
02:00
10/14/2003 47.8 48.6 47.2 98.60 0.00
03:00
10/14/2003 48.5 49.8 474 98.70 0.00
04:00
10/14/2003 489 49.7 48.4 98.60 0.00
05:00
10/14/2003 492 49.8 48.6 98.20 0.00
06:00
10/14/2003 50.2 514 49.5 98.40 0.00
07:00
10/14/2003 53.5 57.6 49.6 97.80 0.00
08:00
10/14/2003 58.2 58.8 57.0 93.20 0.00
09:00
10/14/2003 59.4 61.5 58.2 90.90 0.00
10:00
10/14/2003 62.1 63.4 60.9 76.27 0.00
11:00
10/14/2003 64.8 66.8 63.1 68.16 0.00
12:00
10/14/2003 66.3 66.8 65.8 62.79 0.00
13:00
10/14/2003 67.1 67.9 66.0 65.61 0.00
14:00
10/14/2003 67.4 67.9 66.9 61.98 0.00
15:00
10/14/2003 66.9 67.7 65.6 62.65 0.00
16:00
10/14/2003 66.6 67.1 65.9 64.35 0.00
17:00
10/14/2003 66.7 67.2 66.0 59.18 0.00
18:00
10/14/2003 64.4 66.3 61.6 66.71 0.01
19:00
10/14/2003 60.9 62.3 59.6 85.40 0.06
20:00
10/14/2003 59.8 60.9 59.1 96.70 0.54
21:00
10/14/2003 60.6 62.6 58.8 97.30 0.58
22:00
10/14/2003 59.0 594 58.6 97.40 0.09
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)
10/15/2003 59.4 59.8 58.9 95.90 0.05
00:00
10/15/2003 58.6 59.4 58.2 95.20 0.06
01:00
10/15/2003 584 59.0 57.8 95.90 0.00
02:00
10/15/2003 58.2 59.6 56.6 84.00 0.00
03:00
10/15/2003 56.9 57.7 56.3 76.63 0.00
04:00
10/15/2003 37.5 58.1 56.6 68.15 0.00
05:00
10/15/2003 56.9 57.5 56.3 68.60 0.00
06:00
10/15/2003 57.1 58.4 56.4 67.96 0.00
07:00
10/15/2003 593 61.1 579 62.94 0.00
08:00
10/15/2003 61.1 61.8 60.2 56.07 0.00
09:00
10/15/2003 61.6 62.8 60.4 49.26 0.00
10:00
10/15/2003 61.6 63.6 60.6 45.58 0.00
11:00
10/15/2003 62.1 63.1 614 37.39 0.00
12:00
10/15/2003 62.3 63.2 61.6 34.49 0.00
13:00
10/15/2003 62.3 63.4 61.3 35.60 0.00
14:00
10/15/2003 62.1 62.9 60.9 34.25 0.00
15:00
10/15/2003 61.9 62.6 61.4 32.00 0.00
16:00
10/15/2003 60.9 62.1 59.5 3213 0.00
17:00
10/15/2003 579 59.7 56.2 38.03 0.00
18:00
10/15/2003 54.0 56.6 514 48.83 0.00
19:00
10/15/2003 51.5 52.3 50.3 56.15 0.00
20:00
10/15/2003 494 50.7 48.4 62.51 0.00
21:00
10/15/2003 49.1 51.0 46.7 61.25 0.00
22:00
10/15/2003 46.1 47.1 44.7 70.62 0.00
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)
10/16/2003 453 47.6 42.9 74.08 0.00
00:00
10/16/2003 45.0 46.1 433 76.85 0.00
01:00
10/16/2003 432 443 425 85.90 0.00
02:00
10/16/2003 44.0 453 43.0 81.60 0.00
03:00
10/16/2003 45.0 46.3 44,1 79.04 0.00
04:00
10/16/2003 45.1 46.3 437 79.29 0.00
05:00
10/16/2003 44.6 452 439 80.20 0.00
06:00
10/16/2003 45.0 464 44.1 78.73 0.00
07:00
10/16/2003 49.5 52.4 46.3 73.12 0.00
08:00
10/16/2003 55.3 58.0 52.1 61.45 0.00
09:00
10/16/2003 60.4 62.0 57.8 49.01 0.00
10:00
10/16/2003 63.1 64.9 61.6 44.50 0.00
11:00
10/16/2003 65.9 67.1 64.3 40.73 0.00
12:00
10/16/2003 67.4 68.6 66.0 38.93 0.00
13:00
10/16/2003 68.6 70.2 67.2 38.51 0.00
14:00
10/16/2003 69.5 70.0 69.0 37.41 0.00
15:00
10/16/2003 68.3 69.1 66.3 42.96 0.00
16:00
10/16/2003 66.0 66.9 65.0 48.21 0.00
17:00
10/16/2003 63.8 65.2 62.8 54.51 0.00
18:00
10/16/2003 61.1 63.2 59.5 54.05 0.00
19:00
10/16/2003 57.7 59.8 559 60.26 0.00
20:00
10/16/2003 54.0 56.2 52.7 72.68 0.00
21:00
10/16/2003 532 53.6 52.7 79.79 0.00
22:00
10/16/2003 53.5 54.5 52.9 81.20 0.00
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)
10/17/2003 527 534 52 84.50 0.00
00:00
10/17/2003 51.4 52.8 50.1 88.40 0.00
01:00
10/17/2003 50.9 513 50.3 91.90 0.00
02:00
10/17/2003 50.5 51.7 49.1 90.60 0.00
03:00
10/17/2003 50.3 51.2 49.1 89.50 0.00
04:00
10/17/2003 50.5 51.2 49.6 87.90 0.00
05:00
10/17/2003 50.0 51.0 48.5 87.70 0.00
06:00
10/17/2003 49.6 50.8 48.6 90.50 0.00
07:00
10/17/2003 51.8 53.0 50.6 86.90 0.00
08:00
10/17/2003 54.1 55.8 52.5 82.00 0.00
09:00
10/17/2003 554 56.0 54.7 75.27 0.00
10:00
10/17/2003 55.8 56.4 55.3 73.27 0.00
11:00
10/17/2003 55.6 56.3 55.2 71.20 0.00
12:00
10/17/2003 56.6 57.7 55.7 69.08 0.00
13:00
10/17/2003 58.1 59.0 57.3 66.98 0.00
14:00
10/17/2003 57.6 58.4 56.8 68.63 0.00
15:00
10/17/2003 56.8 57.2 56.5 70.86 0.00
16:00
10/17/2003 553 56.7 54.2 80.10 0.00
17:00
10/17/2003 53.6 54.7 52.8 85.70 0.00
18:00
10/17/2003 52.2 533 51.1 88.50 0.01
19:00
10/17/2003 50.7 51.5 49.7 92.80 0.02
20:00
10/17/2003 493 50.2 48.8 9470 0.02
21:00
10/17/2003 48.8 49.3 48.4 93.50 0.00
22:00
10/17/2003 48.3 48.6 478 93.30 0.00
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)
10/18/2003 48.1 48.4 47.8 94.00 0.00
00:00
10/18/2003 48.1 484 47.8 94.70 0.00
01:00
10/18/2003 474 48.3 46.4 94.90 0.00
02:00
10/18/2003 46.0 46.7 449 96.30 0.00
0300
10/18/2003 44 .8 45.3 43.7 97.60 0.00
04:00
10/18/2003 44.8 454 44.1 97.90 0.00
05:00
10/18/2003 4473 44.8 43.8 98.50 0.00
06:00
10/18/2003 4472 44.8 43.8 98.70 0.00
07:00
10/18/2003 454 48.3 437 98.60 0.00
08:00
10/18/2003 49.8 51.9 474 87.30 0.00
09:00
10/18/2003 533 55 51.2 70.82 0.00
10:00
10/18/2003 56.0 57.2 54.5 53.70 0.00
11:00
10/18/2003 56.9 57.9 55.9 48.82 0.00
12:00
10/18/2003 58.6 59.7 57.6 40.83 0.00
13:00
10/18/2003 58.6 59.7 57.2 37.97 0.00
14:00
10/18/2003 59.0 60.2 579 39.36 0.00
15:00
10/18/2003 58.8 59.8 58.2 39.33 0.00
16:00
10/18/2003 574 58.6 56.2 41.50 0.00
17:00
10/18/2003 52.0 56.5 48.7 61.14 0.00
18:00
10/18/2003 472 498 4477 79.42 0.00
19:00
10/18/2003 44.1 450 42.9 90.40 0.00
20:00
10/18/2003 42.5 435 4].1 94.20 0.00
21:00
10/18/2003 41.9 42.3 41.2 96.50 0.00
22:00
10/18/2003 41.5 42.3 40.9 96.70 0.00
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)

10/19/2003 414 41.8 41.0 97.70 0.00
00:00

10/19/2003 42 .4 434 413 97.90 0.00
01:00

10/19/2003 440 448 43.1 96.80 0.00
02:00

10/19/2003 454 46.3 44.6 95.90 0.00
03:00

10/19/2003 46.3 470 45.8 95.40 0.00
04:00 ,

10/19/2003 47.1 48.3 464 96.30 0.00
05:00

10/19/2003 50.2 51.0 48.3 80.50 0.00
06:00

10/19/2003 51.7 52.6 50.8 75.40 0.00
07:00

10/19/2003 53.0 53.7 52.1 67.44 0.00
08:00

10/19/2003 54.4 55.6 527 67.01 0.00
09:00

10/19/2003 57.0 599 54.6 61.51 0.00
10:00

10/19/2003 62.4 63.8 59.6 53.53 0.00
11:00

10/19/2003 63.4 65.3 62.2 48.72 0.00
12:00

10/19/2003 65.1 66.3 63.6 44.24 0.00
13:00

10/19/2003 65.6 67.1 64.2 41.70 0.00
14:00

10/19/2003 65.6 66.4 64.1 38.45 0.00
15:00

10/19/2003 64.9 65.6 64.0 38.83 0.00
16:00

10/19/2003 634 64.5 61.8 41.49 0.00
17:00

10/19/2003 58.6 62.0 56.2 54.36 0.00
18:00

10/19/2003 53.5 56.7 49.8 69.72 0.00
19:00

10/19/2003 499 52.0 48.5 79.79 0.00
20:00

10/19/2003 47.8 504 453 86.00 0.00
21:00

10/19/2003 46.1 48.8 449 88.30 0.00
22:00

10/19/2003 47.2 49.1 44 .8 80.00 0.00
23:00

B-7




TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)
10/20/2003 473 48.3 46.3 79.55 0.00
00:00
10/20/2003 46.3 475 45.1 81.40 0.00
01:00
10/20/2003 45.6 46.5 44.9 82.20 0.00
02:00
10/20/2003 4472 46.0 41.5 85.40 0.00
03:00
10/20/2003 41.0 41.8 40.1 95.70 0.00
04:00
10/20/2003 40.5 42.1 38.8 96.40 0.00
05:00
10/20/2003 392 39.9 38.1 97.70 0.00
06:00
10/20/2003 38.7 398 37.8 98.50 0.00
07:00
10720/2003 45 49.5 394 92.60 0.00
08:00
10/20/2003 50.9 52.2 49.3 78.03 0.00
09:00
10/20/2003 53.8 55.6 51.9 67.64 0.00
10:00
10/20/2003 55.7 56.6 54.7 65.53 0.00
11:00
10/20/2003 58.3 60.3 56.5 59.89 0.00
12:00
10/20/2003 60.7 61.8 59.6 60.40 0.00
13:00
10/20/2003 61.1 61.9 60.4 62.19 0.00
14:00
10/20/2003 61.8 62.4 61.3 61.34 0.00
15:00
10/20/2003 61.7 62.2 61.0 62.69 0.00
16:00
10/20/2003 59.9 61.7 57.1 68.05 0.00
17:00
10/20/2003 549 57.2 52.9 82.60 0.00
18:00
10/20/2003 52.1 53.2 50.9 91.60 0.00
19:00
10/20/2003 50.5 52.1 49.6 95.00 0.00
20:00
10/20/2003 50.1 53.0 48.6 97.30 0.00
21:00
10/20/2003 52.5 53.8 49.9 97.00 0.00
22:00
10/20/2003 54.1 55.8 52.8 95.90 0.00
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)
10/21/2003 56.2 58.2 54.7 95.40 0.00
00:00
10/21/2003 58.4 59.6 57.0 93.00 0.00
01:00
10/21/2003 58.7 59.7 57.6 92.80 0.00
02:00
10/21/2003 59.3 59.9 58.6 91.00 0.00
03:00
10/21/2003 60.0 60.6 59.5 83.30 0.00
04:00
10/21/2003 61.0 61.8 60.1 76.24 0.00
05:00
10/21/2003 60.9 61.5 60.4 76.52 0.00
06:00
10/21/2003 60.8 61.4 60.3 79.51 0.00
07:00
10/21/2003 62.0 63.2 60.9 77.63 0.00
08:00
10/21/2003 63.9 65.2 62.8 73.79 0.00
09:00
10/21/2003 65.7 66.8 64.2 69.71 0.00
10:00
10/21/2003 68.2 70.0 66.3 64.61 0.00
11:00
10/21/2003 70.2 70.8 69.5 60.71 0.00
12:00
10/21/2003 70.9 72.0 70.1 61.10 0.00
13:00
10/21/2003 72.1 72.4 71.6 58.93 0.00
14:00
10/21/2003 71.6 72.1 71.0 62.39 0.00
15:00
10/21/2003 69.7 71.2 68.2 68.65 0.00
16:00
10/21/2003 67.5 69.0 66.5 73.14 0.00
17:00
10/21/2003 67.3 67.7 66.8 72.37 0.00
18:00
10/21/2003 68.2 69.4 67.2 67.60 0.00
19:00
10/21/2003 69.2 69.9 68.6 53.48 0.00
20:00
10/21/2003 67.9 68.8 67.0 54.01 0.00
21:00
10/21/2003 65.1 67.4 61.8 58.37 0.00
22:00
10/21/2003 61.3 62.1 60.4 70.99 0.00
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)
10/22/2003 59.7 61.0 584 77.06 0.00
00:00
10/22/2003 58.9 59.8 58.2 78.13 0.00
01:00
10/22/2003 58.8 59.8 57.6 73.63 0.00
02:00
10/22/2003 57.0 58.0 56.1 78.07 0.00
03:00
10/22/2003 55.9 56.5 55.2 81.10 0.00
04:00
10/22/2003 54.8 56.3 52.9 82.60 0.00
05:00
10/22/2003 52.8 53.6 52:3 84.60 0.00
06:00
10/22/2003 52.1 52.6 514 81.90 0.00
07:00
10/22/2003 53.1 54.1 51.5 76.09 0.00
08:00
10/22/2003 54.7 55.9 53.8 73.20 0.00
09:00
10/22/2003 56.6 57.3 55.6 60.99 0.00
10:00
10/22/2003 58.2 60.0 56.6 54.83 0.00
11:00
10/22/2003 574 58.6 56.4 57.11 0.00
12:00
10/22/2003 574 59.6 56.4 57.89 0.00
13:00
10/22/2003 56.6 59.6 53.0 57.29 0.00
14:00
10/22/2003 53.4 54.0 52.9 67.26 0.00
15:00
10/22/2003 53.8 552 53.0 60.90 0.00
16:00
10/22/2003 52.7 53.6 5.7 55.96 0.00
17:00
10/22/2003 504 52.1 49.0 55.99 0.00
18:00
10/22/2003 47.8 49.1 47.0 62.61 0.00
19:00
10/22/2003 47.0 47.6 46.5 64.20 0.00
20:00
10/22/2003 46.4 47.1 45.6 63.04 0.00
21:00
10/22/2003 45.1 46.1 44.2 64.12 0.00
22:00
10/22/2003 44 4 44.9 43.7 57.34 0.00
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)

10/23/2003 43.5 44.5 42.1 59.12 0.00
00:00

10/23/2003 423 42.9 41.8 66.12 0.00
01:00

10/23/2003 42.0 42.4 41.2 64.67 0.00
02:00

10/23/2003 41.1 42.2 39.9 60.97 0.00
03:00

10/23/2003 39.3 40.2 37.6 64.36 0.00
04:00

10/23/2003 37.0 38.1 36.2 74.28 0.00
05:00

10/23/2003 36.2 36.9 357 76.52 0.00
06:00

10/23/2003 36.2 37.8 35.0 78.67 0.00
07:00

10/23/2003 39.7 41.5 37.5 70.46 0.00
08:00

10/23/2003 429 44 .8 41.2 60.10 0.00
09:00

10/23/2003 454 46.7 44.1 47.69 0.00
10:00

10/23/2003 44.8 45.5 441 43.87 0.00
11:00

10/23/2003 45.7 46.7 443 40.99 0.00
12:00

10/23/2003 454 46.1 44.9 43.86 0.00
13:00

10/23/2003 473 49.5 45.0 43.51 0.00
14:00

10/23/2003 473 48.9 46.1 43.71 0.00
15:00

10/23/2003 46.6 47.1 46.2 43.78 0.00
16:00

10/23/2003 46.9 477 46.1 44 .30 0.00
17:00

10/23/2003 44.0 46.2 414 54.06 0.00
18:00

10/23/2003 39.1 41.7 37.4 73.81 0.00
19:00

10/23/2003 359 38.1 34.2 85.60 0.00
20:00

10/23/2003 35.6 374 33.9 87.90 0.00
21:00

10/23/2003 35.6 36.9 338 85.00 0.00
22:00

10/23/2003 347 37.2 33.1 86.50 0.00
23:00
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TABLE B-1 (CONT’D)

Average Maximum Minimum Relative Total
Date & Time Temp (°F) Temp (°F) Temp (°F) | Humidity (%) | Precip (in)
10/24/2003 33.0 35.2 31.8 90.50 0.00
00:00
10/24/2003 31.7 33.0 30.8 94.70 0.00
01:00
10/24/2003 31.1 33.0 30.5 95.00 0.00
02:00
10/24/2003 30.6 314 29.9 96.50 0.00
03:00
10/24/2003 30.7 324 29.6 97.00 0.00
04:00
[ 10/24/2003 33.2 34.2 32.1 92.20 0.00
05:00
10/24/2003 33.8 35.0 323 85.50 0.00
06:00
10/24/2003 34.6 35.5 339 80.10 0.00
07:00
10/24/2003 373 40.3 35.3 75.90 0.00
08:00
10/24/2003 43.4 46.5 39.9 65.98 0.01
09:00
10/24/2003 483 50.2 46.3 54.67 0.00
10:00
10/24/2003 51.5 52.6 49.7 48.88 0.00
11:00
10/24/2003 53.7 55.3 52.0 46.17 0.00
12:00
10/24/2003 54.6 559 53.5 4321 0.00
13:00
10/24/2003 55.2 57.5 54.0 43.19 0.00
14:00
10/24/2003 56.2 57.6 54.4 42.75 0.00
15:00
10/24/2003 55.1 56.1 54.4 44.07 0.00
16:00
10/24/2003 54.0 55.1 51.9 48.64 0.00
17:00
10/24/2003 48.2 52.2 443 66.22 0.00
18:00
10/24/2003 434 44.8 42.0 81.50 0.00
19:00
10/24/2003 41.0 42.3 39.3 89.10 0.00
20:00
10/24/2003 39.3 41.0 38.1 92.70 0.00
21:00
10/24/2003 379 39.0 372 96.40 0.00
22:00
10/24/2003 37.3 38.0 36.7 97.90 0.00
23:00
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Date:

APPENDIX C. SOIL MOISTURE

G-TEK Daily Soil Moisture Logs

14 October 2003.

Times: No AM Readings, 1600 hours (PM).

Probe Location | Layer, in. | AM Reading, % PM Reading, %
Wet Area Oto6 |No Readings Taken |No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
[Wooded Area 0to6 |No Readings Taken |No Readings Taken
6to12
12 to 24
24 to 36
36 to 48
Open Area 0Oto6 |No Readings Taken |[No Readings Taken
6to12
12 to 24
24 to 36
36 to 48
Calibration Lanes 0to 6 |No Readings Taken 39.5
6to 12 377
12 to 24 0.8
24 to 36 4.5
36 to 48 4.6
Blind Grid/Moguls 0to6 [No Readings Taken .
6to 12 23.4
12 to 24 36.6
24 to 36 35.8
36 to 48 §7.9
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Date:

15 October 2003.

Times: 0800 hours (AM), 1600 hours (PM).

Probe Location | Layer,in.| AM Reading, % PM Reading, %
Wet Area Oto 6 60.2 59.1
6to 12 Tl 73.6
12 to 24 76.8 76.3
24 to 36 53.7 54.0
36 to 48 48.4 49.1
'Wooded Area 0to 6 |NoReadings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
pen Area Oto6 22,1 20.2
6to12 6.3 5.7
12 to 24 16.8 173
24 to 36 26.7 26.1
36 to 48 49.9 51.3
Calibration Lanes 0to 6 [No Readings Taken [No Readings Taken
6to 12
12 to 24
24 10 36
36 to 48
Blind Grid/Moguls O0to6 [No Readings Taken [No Readings Taken
6t012
12 to 24
24 to 36
36 to 48
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Date:

16 October 2003.

Times: 0830 hours (AM), 1445 hours (PM).

Probe Location | Layer, in.| AM Reading, % PM Reading, %
Wet Area 0to6 69.4 70.1
6to12 73.1 73.8
12 to 24 719 70.9
24 10 36 54.8 54.2
36t0 48 50.1 49.7
Wooded Area 0to6 |No Readings Taken [No Readings Taken
61012
12 to 24
24 t0 36
36 to 48
Open Area 0to6 18.1 17.6
61012 0.3 0.3
12 to 24 18.9 18.7
24 10 36 21.9 21.6
36 to 48 29.3 29.7
Calibration Lanes 0to6 |No Readings Taken [No Readings Taken
6to12
12 to 24
24 t0 36
36 t0 48
Blind Grid/Moguls 0to6 [No Readings Taken [No Readings Taken
6012
12 to 24
24 10 36
36 to 48
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Date: 17 October 2003.
Times: 0825 hours (AM), 1345 hours (PM).

Probe Location | Layer,in.| AM Reading, % PM Reading, %
Wet Area 0to6 T2 70.8
6to12 T2.5 73.1
12 to 24 72.2 71.8
24 to 36 52.6 53l
36 to 48 49.1 48.8
Wooded Area 0to6 |No Readings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
Open Area 0to6 16.5 16.6
6to 12 0.2 0.4
12 to 24 1922 18.9
24 to 36 22.3 219
36 to 48 29.8 29.9
Calibration Lanes 0to 6 |NoReadings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
lind Grid/Moguls Oto6 |No Readings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
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Date: 18 October 2003.
Times: 0845 hours (AM), 1400 hours (PM).

Probe Location | Layer,in.| AM Reading, % PM Reading, %
[Wet Area 0to6 69.3 69.1
6to 12 713 72.8
12 to 24 71.8 1.2
24 to 36 32.5 o i P
36 to 48 49.7 50.1
'Wooded Area Oto6 |No Readings Taken |No Readings Taken
6to 12
12 to 24
24 10 36
36 to 48
pen Area 0to6 15.7 15.6
6to12 0.3 0.4
12 to 24 18.3 18.9
24 to 36 21.8 21.2
36 to 48 29.3 29.1
Calibration Lanes 0to6 |[No Readings Taken [No Readings Taken
6to 12
12 to 24
24 to0 36
36 to 48
Blind Grid/Moguls 0to6 [No Readings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
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Date:

20 October 2003.

Times: 0800 hours (AM), 1400 hours (PM).

Probe Location | Layer, in. | AM Reading, % PM Reading, %
Wet Area 0to6 78.6 78.1
6to 12 75.3 75.0
12 to 24 68.7 69.0
24 to 36 51.8 32.1
36 to 48 48.1 48.2
ooded Area 0to6 |NoReadings Taken |No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
Open Area 0to6 12.4 12.2
6to 12 2.1 2.3
12 to 24 14.6 14.4
24 to 36 20.8 20.8
36 to 48 25.6 25.3
Calibration Lanes 0to6 |NoReadings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
lind Grid/Moguls [ 0to6 [No Readings Taken [No Readings Taken
6to 12
12 to0 24
24 to 36
36 to 48
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Date:

21 October 2003.

Times: 0800 hours (AM), 1400 hours (PM).

Probe Location | Layer,in.| AM Reading, % PM Reading, %
Wet Area 0to6 77.8 77.6
6to12 75.8 759
12 to 24 69.3 69.2
24 to 36 323 52.4
36 to 48 49.3 49.7
Wooded Area 0to6 |No Readings Taken [No Readings Taken
6to12
12 10 24
24 to 36
36 to 48
Open Area Oto6 11.9 11.9
6to 12 22 2.4
12 to 24 14.7 14.5
24 to 36 ZL.2 213
36 to 48 26.3 26.1
Calibration Lanes 0to6 [No Readings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
Blind Grid/Moguls 0to6 [NoReadings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
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Date:

22 October 2003.

Times: 0800 hours (AM), 1400 hours (PM).

Probe Location |Layer,in.| AM Reading, % PM Reading, %
Wet Area Oto6 |No Readings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 t0 48
ooded Area 0to 6 11.8 122
6to 12 5.7 el
12 to 24 43 44
24 to 36 51.8 51.4
36 to 48 54.3 53.9
Open Area Oto6 |No Readings Taken [No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
Calibration Lanes 0to6 |NoReadings Taken |No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
Blind Grid/Moguls 0to6 4.4 4.5
6to 12 9.6 9.3
12t0 24 34.8 34.9
24 to 36 36.7 36.2
36 to 48 38.5 38.8
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Date: 23 October 2003.
Times: 0800 hours (AM), 1400 hours (PM).

Probe Location | Layer,in.| AM Reading, % PM Reading, %
Wet Area Oto6 [NoReadings Taken |No Readings Taken
6to12
12 to 24
24 to 36
36 to 48
'Wooded Area 0to6 12.1 12.0
6to12 6.2 5.9
12 to 24 4.7 4.4
24 to 36 543 52.0
36 to 48 54.7 54.2
Open Area 0to6 |No Readings Taken |[No Readings Taken
610 12
12 to 24
24 to 36
36 to 48
Calibration Lanes 0to6 o Readings Taken |No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
Blind Grid/Moguls Oto6 4.3 4.1
6to 12 B3 9.4
12 to 24 34.8 35.0
24 to 36 36.3 36.2
36 to 48 38.1 37.8
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Date:

24 October 2003.

Times: 0800 hours (AM), 1400 hours (PM).

Probe Location | Layer, in. | AM Reading, % PM Reading, %
Wet Area Oto6 |NoReadings Taken |No Readings Taken
6to 12
12 to 24
24 to 36
36 to 48
ooded Area 0to 6 12.2 119
6to 12 6.7 6.4
12 to 24 4.8 4.9
24 to 36 52.7 52.4
36 to 48 55.2 54.6
Open Area 0to6 |No Readings Taken [No Readings Taken
6to 12
12 to 24
24 to0 36
36 to 48
Calibration Lanes 0to 6 [No Readings Taken 39.2
6to12 36.2
12 to 24 0.5
24 to 36 4.1
36 to 48 3.8
Blind Grid/Moguls Oto6 4.5 4.0
6to 12 9.7 9.7
12 to 24 34.9 34.5
24 to 36 36.7 36.2
36 to 48 38.4 38.7
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APPENDIX D. DAILY ACTIVITY LOGS

"1x9] PAIYSIYSIY UT pajedIpul aIe UoNeIISUOWap d1j10ads siy) 01 Jusuriiad Sa1jIAOY 9JION

AJANN | AGONIM [IVENTT VN SdD v.Lvd LO9T10D v1vd LDITI0D 06 SHTI SITT Q1414 NadO T [£00T/S1/01
SLOArg0 TvIAN
DONISN INTNJINOT
AQANIA| AGNIM |[IVANIT VN SdD ALVI TV ALVIAITVO 1 SIT1 0011 qTd1d N9dO T [£00T/S1/01
S9dv.L
AQANA| AANIM | IVEANTT VN SdO | HLIAM DNIDVS dN L3S [dOLS/LIV.LS ATIVd St 0011 S101 QT4 N3O T [£00Z/ST/0]
SNOILLVY¥3dO
AQANN| AANIM | YVANTT VN SdD ATVA A0 LAVIS  [JOLS/IYVLS ATIvd| st S101 0080 Qa1 NadO 7 [£00T/S1/01
SNOILVYAdO ATIVd
A0 ANA /NAOTIVII L anio
AQANN | AONIM [dVENIT VN SdO INTNINOA dOLS/LIVLS ATIvVd 0f SI81 SPLl JLSIL aNI'Td T oozl
MOHHD
INTINLINOH ADNVNALNIVIA ardao
AQANN | AdNOTTO | AVENIT VN SdO SdD TIOFHO TNILNMOA SL ShLl 0£91 I1S31L anrid T £00TV1/01
SLOAIO TV.LIN
ONISN INFNINOA danio
AN | AANOT3 | IVENT] VN SdO HLVAAI TV ALVIEITVO 0¢ 0£91 0091 1SAL ANI'19 T [€00T41/01
ans
AQAOA | AANOTO | IVENIT VN SdD VIvd LD TIOD V1vd LOFTI00 0t 0091 1729 Ls9L aNI1d T [€00THT/01
anio
AQANN | AQNOTD | IVENTT] VN SdD HONNT/AVHIE HONNTIVIIL 01 ovs1 0£S1 L1S4.L anrid 7 |00z 1/01
anid
AQANN | AANOTO | IVEANTT VN SdD V.Lva 1O9T100 V1vd LOFTI0D 0 0£S 1 orpl LS4l aNI1d T 00T /01
MDFHD
HONVNILNIVIN HNVT
AQANIN | AdNOTO | AVEANIT] WN SdD A¥ALLYH HONVHO HNLINAOA 01 (1]al 0frl | NOLLVYEITVO | T [E00T/¢1/01
ANV
AdANN | AaNoTO | IVANIT VN Sdo Y1vd LO3T1100 VIVd 1O3TI0D 08 05P1 0IE1 | NOILVMEITVO | T [E00T/#v1/01
SIO4rdo TvV.LIN
DNISN INTNJINOA HNV1
AdAN | XanoT1o | IvaNI VN SdD HLYILITVO HLVAFITYD 01 0I€l 00€1 | NOILVIEITYD | 7 |00+ 1/01
ANV
AQANN | AANOTO | IVANTT VN SdD dn L3S TVILINI dNJLAS TVILINI §9] 00€1 SI0l | NOILVMEITVD | € [E00Tv1/01
YOSNAS TVAd NAH S-IALL
suonpuo)) ppR1y | urameqg uredxy POUIdIA GUED I eY snje)§ [euoyeradQ) unu awly, ETTN § pasay waaxy [ddoag| areq
IYIQ=POYIdA HoRIy, - smejg [euoneradp ‘uopeanq | dois el Jo
el styels | smyels "ON

D-1



AN | ANNNS | dVENIT VN Sd5 v1vda.1lodTIod VIvda 1lodTIOD 0t ovll 0111 71414 N3dO T | £00T/L1/01
AQANIA | ANNAS | dVEANIT VN SdD HONNT/AVEAd HONOTvEEL 0l 0111 0011 dT41:d N3dO ¢ | £00T/L1/01
AQANAN | ANNAS | dVENIT VN SdD Viva 131100 V.Lvd 1LodTIOoO §9 0011 §S60 T4 NAdO ¢ | £00T/L1/0T
SAdV.L dOLS/LAVIS
AQANA [ ANNAS | IVANIT VN SdD [ HLIAM DNIOVS 4N 14S ATIvd ST §S60 0£60 d71d14 N3dO ¢ | £00T/L1/01
AQANN| ANNNOS | ¥VINIT VN SdD Vivd 1lodFTIO) Vivda 1DdTIOD 0z 0£60 0160 dTdH N3dO [4 £00T/L1/0T
dOLS/LAVILS
AQdA| ANNAOS | IVINIT VN SdD | SHdV.L DNIDVJS df] LIS Avda 0T 0160 0580 dTdId N3dO < £00T/L1/01
SNOLLYYAdO dOLS/LIVLS
AJANIA [ ANNNAS | AVANIT VYN SdD ATIVA 40 LIVLS ATvda 08 0580 0€L0 AT NIdO [4 £00T/L1/01
SNOILVYEdO ATIVd
J0 NI /NMOTIVHIY dOLS/LIVLS
AJdNA [ ANNNS | IVANIT] VYN SdD INTAJINOT ATvda 0¢ 0¢Ll 00L1 1414 N3dO ¢ | £00T/91/01
AJAUA [ ANNNS | IVENIT VN SdD Vivd 1lodTIOoD V.1vd LOdTIOD 44 00L1 SIEl T4 NHdO ¢ | £00T/91/01
plocizie]
JONVNLLNIVIA
AQAnA | ANNNS | dVENIT VN SdD AYHLLYVYE IDNVHD JLINAMOA S Slel 0l¢l d7191d N3dO ¢ | £00T/91/01
AJANIA | ANNAS | IVENIT VN SdO VivdglodTIioD Vivd LOdTIOO 0Ll 0I¢€l 0701 dTdId N3dO ¢ | £00T/91/01
MOdHD
HONVNILNIVIA
AJQUA | ANNNS | IVENIT VN SdD AYHLLYE IONVHO dNLINAMOd 01 0201 0101 dT4d1d N3dO ¢ | £€002/91/01
AQANIA | ANNNS | AVENIT VN S§d9 VivdlodT10) VIivd LOodTIoO 0L 0101 0060 dTdI4 N3dO ¢ | €00T/91/01
SIOHM40 TV.LIN
DNISN INTWJINOA
AQANN | ANNAS | IVANI'T VN SdO HLVIFITYD JLVIdITVYD St 0060 S¥80 dTd1d N3dO ¢ | €00T/91/01
SNOLLYY¥4dO dOLS/LAVIiS
AQAITA | ANNIS | dVENIT VN SdD ATVAJ0 LIVILS ATvd St S+80 0080 1914 N3dO ¢ 1 £002/91/01
SNOLLVYAdO ATIvVd
A0 ANT /NMOQA VI dOLS/LYVLS
AJANA [ ANNAS | IVANIT VN SdD INTAJINOA ATva 0s 0081 0IL1 AT NIdO ¢ | £00Z/s1/01
AQANIA | AANIA | IVENTT VN Sd5 VIVJ LOFTIOO YLvVd.1lOdTI0O S8l OILI sovl aT31d NadO < £00Z/S1/01
AN | AANIA | JVENIT VYN SdD vivda .LOITI0D VI1vd LOdTIOO S SOPI 0or1 AT31d N3dO (4 £00T/ST1/01
AQANA | AQNIM | IVEANIT VN SdD Yivd 1OdTIOD V1vd LOdTI00 09 00¥1 00¢€1 dTdId N3dO ¢ | £00T/S1/01
dOVIAVd
JILVM INFATId OL ADHHD
SYOSNAS NO ddV.L .1Nd | HONVNALNIVIA
AQANA | AANIM | IVANTT VN SdD SIOFHD INFNJINOY HAILNAMOd 54 00¢l 344! a9 N3dO [4 £00Z/S1/01
Suoppuo) pPRIA | wIPNeJ ute(dxyq R SjuaUILo) snie)g [euoljeIadQ uT aun] | aunp paisal eaay  |apdoag e
I3IO=POYIN | MoeL] - snjels [puonexsdQ ‘uoneing | dois IR{TN Jjo
Woea], snye)§ | smyes 'ON

D-2



AQANN | ANNNS | 9VANTT VN SdO V1vd LO9T10D Vivd 1O37100 01 SI11 S011 | aTdId NadO T | £00T/0T/01
MOIHD
JONVNILNIVIA
AQANN | ANNNS | YVIANIT VYN SdD AYALLYE IONVHO FNLINAOA S SOII | 0011 | QTd1d NAdO T | £00Z/0T/01
AQANA | ANNNS [ JVENIT VN SdD vLvd LOI7T100 v1vd LOAT10D 0€1 0011 | 0S80 | dTd1d NIJO T | €00Z/0Z/01
SLOAr490 TV.LIN
DONISN INFIWAINOH
AQANN | ANNDS | VENTT VN SdD JLVIAITYD JLVILITVO 0t 0S80 | 0£80 | ATALI NIJO T | €007/07/01
SNOILYYEdO JOLS/LIVLS
AJANA | ANNNS | IVENIT VN SdD ATIVA 40 LIVLS ATIVA Sy 0€80 | SPL0 | AT9Ld NIJO 7 | €007/02/01
SNOILVYIdO ATIVAd
40O NI NMOMIVIIL dOLS/LYVLS
AQANIN | ANNNS | IVEANIT VN SdD INTNIINOF ATIVA S¢ 091 S091 | ATdId N3O Z | €00T/81/01
AQAN | ANNNS | dIVINIT VN SdD Vivd 1DETI0D v1vd LO3T100 0S1 S091 Seel | aTdId N3dO Z | €00Z/81/01
MOHHD
FONVNILNIVIA
AQANIN | ANNNS | 9VENIT VN SdD A¥ALLYE IONVHD HNLINAMOA 01 Se€l Szel | aTEId NadO Z | €00Z/81/01
AQANA | ANNNS [ IVaNIT VN SdD v1vd LOIT10D V.LvVd 1OAT100 $9 STEl | 0£Z1 | QTHId NALO T | €00Z/81/01
AAANIN | ANNNS [ JvaNIT VN SdD HONQ1MVIIg HONNAVIIL 01 0£Z1 | 0ZZ1 | d71d1d NIdO Z | €oozs1/01
AdANIN | ANNNS | qvaANIT VN SdD v1vd 1ogT100 v.Lvd LO3TI0D 08 07z | 0011 | a71d1d NIJO T | €00Z/81/01
MOTHD
JONVNILNIVIA
AQANIA | ANNNS | YVENIT VN SdD A¥ALLYE HONVHO TANLLNAOA 0T 0011 | Ov01 | AT NFdO T | £00Z/81/01
AQANA | ANNAS | IVANIT VN SdD v1vd lOITI0D v1vd LOITI0D 0Tl 0r0! 030 | 714 NadO T | €00Z/81/01
SLOAr40 Tv.LIN
ONISN INFNANOT
AQANA | ANNNS | IVENTT VN SdD ALVIEITVD JLVYEITVD 0¢ 0¥20 | 0180 | dTd1d NIdO T | 00z81/01
SNOILVYAdO JOLS/LYVLS
AQANA | ANNAS | IVENIT YN SdO ATV 40 LEVLS ATIva Sy 0180 | szL0 | 7914 NIdO T | €00z/81/01
SNOILVYHdO ATIVd
40 ANT /NAOTAVTIL dOLS/LYYLS
AQANA | ANNAS | AVENIT YN SdD INTFAAINOI ATIVd oy ov91 | 0091 | QT1d1d N3O T | €00T/L1/01
AQANA | ANNNS | IVENTT VN SdD v.1vd 1JdTI0D V1vd LOITI0D 011 0091 | 0Iv1 | dTd1d NIdO T | €00Z/L1/01
MOFHO
FONVNILNIVIN
AQAN | ANNNS | IVANIT VN Sdo AYHLLLYH GONVHO FTANLLNAMOA 0z Ol¥T | 0S€1 | QT9LI NddO T | €00T/LINOL
AdANN | ANNNS [IVANTT YN SdO v1va lOdTI0D V1vd.lOdTI00 0zl 0SET | 0SI1 | dTdLI N3dO Z | €00Z/L1/01
MOFHO
HONVNILNIVIA
AQAN | ANNNS | IVENIT VN SdD A¥ALLYE HONVHO TNLINMAO 0l 0ST1 | ovit | Q1914 N3O T | €00Z/LIN0T
suoyrpuo) pRIY | ured urejdxy POURI STETNIe) smyels jeuonesddg T ounly, | ewny | pasoyeaxry [adoag| aeq
J3QI0=POYRI }oeay, - snjejs _n_uo.da._on—o .:cﬂ-mh:h— QOam pALALN Jo
Hoeag, snjels snjels "ON

D-3



SNOLLVYIEdO dOLS/LAVLS
AQANA | AANOTD | IVANIT VN SdD ATVA 40 LAVIS ATIvad 0gl SH60 SELO | VHYY TNDOW z £002/7T/01
SNOLLVYAdO ATIvVd
AQ ANT /NAO@AVIYE dOLS/LIVIS
AQANIA | ANN{S | dVANIT VN SdO INTNJINOT ATvd 0T 0£91 0191 AT N9dO 7 |£00T/1T/01
AQANA | ANNNS [ dVANIT YN SdD YIVA 1O9T100 Yivd LOAT100 0S 0191 (0149 T4 N9dO T |€00T/TT/O1
ADIHD
HONVNALNIVIA
AQANIA | ANNOS | IVANIT YN SdD ADdHD VvVd HNLINMOA 0t 0Ts1 194 ATdId N2dO ¢ |800U/1T/01
AQANA | ANNNS [ dVANIT VN SdD YI1VAd 1OITI100 vivd .LOdT1100 08 0S¥1 ogel ATdId N3dO 7 |€00T/1T/01
A09HOD
HONVNIINIVIN
AQANNA | ANNAS [ dVANIT VN SdD AYHLLYE HONVHD HALINAOJ Sl 0€el 1€l dTd1d NHdO 7 |€00T/1T/01
AQANA [ ANNMS | IVINIT VN SdD YLvd 1lOHT100 VLV LOITI0O ¢l Slel SOll A7dI4d N3dO 7 2007/ 1T/01
MOdHD
ONVNALNIVIA
AdANN | ANNOS | dVEANIT VN SdD MOdHOD V.IvVd HALINMOJ 33 SOTI 0€01 T4 N9dO 7 |€00Z/17/01
AN | ANNNS [dVENIT VN SdD YLvd LOFITI0D V.Ivd LI 110D 0S 0£01 0v60 dTdId N3dO 7 {€007/17/01
SLOArdo TvIINW
DONIS( INTNINOT
AN | ANNMNS | IVANIT VN Sd9O JLVAdITVO HILVIdITYD 0¢ 0y60 0160 dT1d1d N9dO 7 |€00T/1T/0T
SNOLLVYIddO dOLS/LYV.LS
AQANN | ANNNOS | dVANIT YN SdD ATIVA 40 LAVLS ATvVa $6 0160 SELO a1gid N3dO T |£00T/1Z/01
SNOLLVIAdO ATIvd
40 ANI /NMOOAVII Y dOLS/LYV.LS
AN | ANNAS | IVANIT VYN SdD JINFANINOH ATvVA 93 0€LT §S91 ATH1d NIdO 7 | €00T7/0T/01
AQANN | ANNNOS | IVANIT YN SdD YLvd LOIT100 YLV LODATI10D Sy §691 0191 A1 NIdO T |£00T/07/01
ADdHD
HONVNALNIVIA
AddNN | ANNNOS | dVANIT VN SdD JO0HHO VLVd HNILNMAOU Sl 0191 4991 7414 N3dO ¢ |£00Z/0T/01
AN | ANNNS [JVEANIT VN SdD V.iIvd .LOdTI0D V.Lvd LOdTI00D 59 GSST 0sv1 dTdId NIdO C £002/0T/01
JADEHD
HONVNILINIVIA
AN | ANNNS [ AVANIT VN SdD MOTHD INTNJINOA HANLINMOA (V4 8194 011 ATdId NIdO ¢ |£00T/0T/01
SHdV.L dOLS/LYV.LS
AQANIN | ANNNS | IVEANIT YN SdD HLIM DNIOVJS dN L3S ATIvVvd 0T 0184 0sel a714d1d N9dO 7  [£00Z/02/01
AQAdNN | ANNOS | IVANIT YN SdD HONN 1/ vVIId HONOTAVHIE 0S 0S€El 00€l dTd1d N3dO T 12002/02/01
AQANA | ANNNOS | IVANIT VN SdD YLvd LOATI0D V.Lvd LOdTI100 06 00¢€1 o€t 71914 N3dO 7 {£007/0T/01
ADHHD
HONVNALNIVIA
AQANIA | ANNNS | IVEANIT VYN SdD ADHHO VIVd HANIINMAOd Sl 0¢l1 SITT ATd1d NddO 7 |£002/0Z/01
SUORIPUO)) PR uneg urejdxsy POYIIAL SIUIUIUO)) smjels [guonesadQ U ETTIN g auny pasa] Baxy | ordoag aeq
IYIQ=POYIdN | OBl - smyej§ [BuoneradQ ‘wopean( | doys uels Jo
eIl snjels | smyels ‘ON

D-4



“1x91 payS1YSIy Ul polEdIpUI 918 UOHJRIISUOWAP 01J10ads STy} 0] JudunIad SAIANDY BION

Y4 LINOAO Yadv
AJANA | AANOTD | IVANIT NOLLOOD YN YLvd .LOdT100 VIVAQ.LOFTIOD 09 00ST 00P1 Jaaoom [4 £007/€7/01
HOdHO
AILINOAO YOdHO vivd HONVNALNIVIN Vv
AQANIN | AANOTO | IVAENIT NOLLOD VN ‘A¥ALLVE dONVHD HANLINMOd 0t 001 0cel JdIdoom (4 £007/£2/01
AHLFNOJO VIV
AN | AdNOTD [ AVANIT NOILLOD VN Y1vd LOAT100 V1vd 1lodTI0O Srl 0€el SOIT dAdo0oMm [ £007/£T/01
NOHHD
WL LFNOAO HONYNAINIVIA vaav
AJANIN | AdNOTO | IVANIT NOLLOD VN AYHLLY H HDNVHO HNILNAOU 0T SOTT SHO1 qddoom [4 €00T7/£T/01
WHLSAS
ONIAAVIN NOLLOD
HALANOAO ANV QVHH JTONIS VHIV
| AN | AdNOTO [ VENIT NOJLLOD VYN DNISN dALIVLS VIVALOITIOO | SL SPOI1 0€60 qaaoom [4 €00T/€T/01
JOSNHAS HTONIS NI S-INL
YAV
AdANIN | AdNOTO [ AVENIT YN SdD V.Lvd LOFTI00 V1iva LodT100 09 0€60 0€80 addaoom 4 £00T/ETO]
SLOArdo Tv.LIN
DNISN INTNJINOF VIV
AQAN | AANOTO | AVENIT VN Sd9 JLVAdITVO HLVALITVO 0T 0€80 0180 aadaoom C £00T/ETIO]
SNOILLVHdO VauIv
AQANA [ AANOTO | IVENIT VN SdD ATIVA 40 LAV.LS dOLS/LAVLS ATIVd Or 0180 0€L0 addoom 4 £00T/€T01
SNOILLYYddO A Iva
0 ANJ /NAOAAVIIE
AQANNA [ AANOTO | AVANIT VYN SdD INTALINOT dOLS/LIVLS A TIVA ST 0gLl SOLT | VHYVY TNOONW 4 €002/TT/01
AQANNA [ AANOTO [ IVENIT YN SdD Y1ivd LOd71700 Y1vd LOdT100 061 SOLT SSE1 | VAV TNOOW 4 £00T/TT/01
ADOHHD
HONVNILNIVIA
AQANNA [ AANOTO | AVHNIT VN SdD NOHHO VILVd HNTLNMOdA (04 el SIET | vV TNDONW Z €007/TT/01
AQANIN | AANOTD | IVANIT VN SdD vivd .LOdTI0O V.LVd LO9T1100 SL SIel 0021 | vV INHD0ONW [4 £00T/CTUO1T
ADHHD
HONVNHALNIVIA
AQANIA | AANOTO | AVANIT VN SdD AdFLLVE ADONVYHD HNILNMOA 01 0071 0511 | VIV TNODOW 4 £00T7/T201
AQANIN | AANOTO | IVANIT YN SdD YIvVd LOFT10D Y1vd LOdT100 011 0S11 0001 | vEdV TNOON 4 €00%/TT01
S104dr40 Tv.LHN
ONISN LNTAJINOT
AQANIA | AANOTD | IVANIT VN SdD JIVILITVO JIVAdl VO SL 0001 St60 | VHIV "TNDONW C £00T/TT/01
suoyIpuo)) PRI | uIlanedq uredxyg [TEITY SjuAUILO)) snje)g [euonetadQ urur aulny, aung, pAsaL eaxy |apdosg e
J3YIO=POYIdJAl yoed], - smyeyg [euoneIadQ ‘vopemng | doig ues Jo
Roel], snIwS | SnIBIS "ON

D-5



MOHHD
JONVNHLNIVIA argo
AJANN | AGNOTO | YVENT] SdD VN A¥TLLVE IDONVHO HNILNAOJ S STL] 0¢L] | LSI1 aNI'Td £ £00T/v1/01
anIo
AJJNA | AdNOTO | ¥VANITT SdD VN Y1vAa lOod7T100 Y.Lvd 1lodTI0O oy 0TL1 0¥91 | LSAL NI (3 £00T/¥1/01
ardao
AJANIN | AdNOTO | IVANIT SdO VN SAdV.L ONIOVJS d(1 L3S | JOLS/IAV.LS ATIVd 0c 0¥91 0791 | JSHL aNI'TH € |£00T/1/01
NOHHD
HONVNALNIVIA ANVIN
AQANA | AJOOTD | IVENIT Sd9D VN AdFLLVE HONVHO HWILLNAOd S 0291 SI91 | OILLYHdITYD £ £00T/¥1/01
INVIN
AN+ AdNOTO | dVENIT SdD VYN Y1vd 1lO3TI0O VIvd1OdTIOD 0s SI91 STS1 | OLLVYEEITVYD £ [£00TvI/01
INVIN
AQANIN | AdNOTID | IVANIT SdD VN dN L3S TVILINI dN L3S TVILINI 01¢ 49 SI101 | OLLVYELITVO £ |€00Z/¥1/01
ALANOLANIVIA
JALINOAO ano
AJANN | AdNOTO | IVANIT NOLLOD VN NOLLVZITISOWHd NOILLVZI'HdOWHd ovl S0S1 SyCT | LSHL ANITH [4 £002//01
JHLINOAO argo
AN | AdNOTO [ VEANIT NOLLOD VN VLIVd LOFTIOD YLvAd.1lodT10D ST Syl 07C1 | LSHL ANITH [4 £007/¥T/01
JALHNOAO HNVIN
AdANA | AdNOTO | IVANIT NOLLOD VN V.Ivd LOITIOD VIvVA LOITIOO 0T 144! 00Z1 | OLLVYLITYD 4 £00T/YT/01
YALINOAO ANVIN
AQANIN | AdNOTD | dVANIT NOJLLOO VN NOILLVZITIHOWAd NOILLYZI'HdOW3d Sy 00Tt SI1I | OLLVYEITVYO T |£00TT/01
JALINOAO LIid LS9L HANVIN
AQANA [ AQNOTO | IVANIT NOLLOD VN NI VLVd LOFTIOD Y.Lvd .Logd1100 06 ST S¥60 | OLLVIEITVO ¢ |£00T/4T/01
SLOArg0 Tv.LIN
Y4LINOAO DNISN INTALINDA HANVIN
AJANA [ AdNOTO | VANIT NOLLOD VN JLVILITVO JALVH4ITvVO Sl Sy60 0£60 | OILVAEITYD ¢ |£00T/T/0l1
JALINOAO Vaav
AdANIN | AdNOTIO | IVANIT NOLLOO VYN YLIvd LOFTI0D V.LVd LOITI0D 194 0€60 S¥80 aaaoom T 800201
FOIHO
JALINOJO HONVNILNIVIA VIV
AJANIA | AdNOTO | IVANIT NOLLOD VYN AYALLYE HONVHO JNLLNAOd St $¥30 0£80 aadoom 4 £00T/¥Z/01
JALINOJO VIV
AQANA | AdNOTO | AVENIT NOLLOD VN VLvd LOdTI00 VIVA 1OFTIOD Si 0£80 S180 qadoom T |£00T/¥T/01
JALINOAO SNOILYVIHdO VIV
AQANA | AdNOTO | IVANIT NOLLOD VN ATIVA A0 LIVLS dOLS/IIAVLS ATIVd S S180 0080 adaoom [4 £00T/¥T/01
SNOILVYIdO ATIVd
AJLINOAO A0 ANF /NAOCAIVIIE VIV
AQANIN | AGNOTO | IVENIT NOLLOOD VN JINTNLINOA dOLS/LIVLS ATTIvd Sl 0e91 SI91 d9doom T |£00T/€T/01
JILINOAO VIV
AQAnNIN | AdNOTO | IVHENIT NOLLOD VN Y1ivd 1odTIOO V.LVA LOdTI00 SL SI91 00S1 d9do0oMm Z £00T/£T/01
suonIpuo) PRI wianed urerdx;y [TE I SJUBLIUIO)) snjelg [euonetddo unur’© Juiry, | suny, | paisal eary |aidoag| ajeq
IPYPO=POYRIA | FoelL - snjeg [BuonesadQ vopemqy | doig | MeIS jo
WoraL smels | smels ‘oN

D-6



AQANIA | ANNNS | YVENIT SdD VYN Vivd LOdTIOD V.Lvd.LOFTI00 06 0¥91 0IS1 | dTdLI NAdO £ £007/91/01
AQANIA | ANNNS | IVENIT SdD VN  [SddV.L DONIDVAS 41 13S | JOLS/LIVLS ATIvVd 58 (159! Stel | AT N3O £ £00T/91/01
AGQANI | ANNNOS | dVENIT SdD VYN YLvd LOFTI0D Y.LV .LOFTI00 06 SPel SITI | ATd1d NHdO £ £00Z/91/01
AOdHO
HONVNILNIVIA
AdANA | ANNNOS [ dVENIT SdD VYN A¥ALLYH IDNVHD HALINMOJ S SITl 0121 | 1914 NIdO (3 £00T/91/01
AQANA | ANNNS | dVENIT SdD VYN YIvd .LodT1Io0 Y.1vd 1DdTI0O 0L 0171 0011 [ ATHId NIdO £ £00T/91/01
AOFHO
HONVNHLNIVIA
AQANIN | ANNNS | dVENIT SdD VN AYILLYE 3ONVHO HALLNAMOJ 01 0011 0501 | dTdId N3dO £ £00Z/91/01
AJUNN | ANNNS | dVENIT SdD VN VLVA.LOFTIOO YLivd LOHT10D 08 0501 0€60 | ATd1d NIdO < £002/91/01
AQANN | ANNNS | dVENIT SdD VN qLvydgITvO JIVAdITTvVO 4 0£60 S¥80 | dTd1d N3dO £ £00Z/91/01
SNOLLVYddO
AJANN | ANNNS [ dVENIT S§dD YN ATV A0 LIAVIS dOLS/LYVLS ATIvd 94 S#80 0080 | ATdid N9dO & £007/91/01
SNOILLVYAdO ATIvd
O ANF /NMOOAVIIE
AdANA | AAONIM | IVAENIT SdO VYN INANINOT dOLS/LYVLS ATIvd 94 0081 SIL1 | dTHId NIdO £ £00Z/51/01
AJAON | AANIA | AVENIT SdO YN Y1ivd 1lOdTIOO Vivd .LlodT1100 09 SILI S191 | dTHId N3dO g £00T/S1/01
AOFHD
JONVNILNIVIA
AQANN | AONIM | IVENIT SdD VN A¥ELLYY IONVHO HNIILNMOd Sl SI91 0091 | dTdId N3dO & £00T/ST1/01
AQANIN | AANIM | JVAINIT SdD VN YLvVd LOFTIOD V.Ivd LOdTI0O Sy 0091 SIST [ AT NIdO 3 £00T/ST1/01
MDEHD
JONVNILNIVIA
AQANA | AAONIM [ ¥VENIT SdD VYN AYALLYVE 3DNVHD HANLINAOJ Sl SISl 00ST | dTdld NHdO 3 £00T/51/01
AQANN | AANIM [ AVEHNIT SdD VN Vivd LOFT100 Yivd LOdTI00 g 00S1 00¢€1 | dTH1d NIdO € £00T/S1/01
IOVIAVA
YLV INFATHEd OL AOHHO
SYOSNHS NO 3dVv.L 1Nd JONVNILNIVIA
AN | AAONIM | IVENIT SdD VN MOTHD LNTNJINOT HANLLNAOJ Sl 00¢l S¥Z1 | T34 NIdO & £002/S1/01
AdANIA | AANIA | dVINIT SdD VN YIvd 1lOITIOO v.ivd LOdTI00 53 944 0121 | ATdIH NddO £ £00T/S1/01
AJANIN | AANIM | dVENIT SdD VYN HLVALITVO HLYVAEITVO 14 0121 Pl | ATHIA NIdJO £ £00T/S1/01
AN | AANIM | IVENTT SdD VYN SAdV.L ONIDVIS 41 L3S | JOLS/LIAVLS ATIVd 06 540! SI101 | dTd1d N3dO £ £00T/S1/01
SNOILVYddO
AJQANIN | AAONIM | IVEANIT] SdD VN ATIVA 40 JAVLS dOLS/LYVIS ATIVd SEl SI0I1 0080 | dTd1d N3dO £ £002/S1/01
SNOILVYdAdO A TIvd
HO ANH /NMOAHVHIY ano
AQANN | AJNOTO [ AVENIT] SdD VN INTAINOT dOLS/LIVLS ATIVd 0€ SI8l SPLT | LSHL ANJTd £ £00T/v1/01
ano
AJANA | AANOTO | IVANIT SdD VN VIvd LOETIOO VLvd LOATI0D 0T SPL1 STLT | LSHL ANITIE £ £00T/H1/01
suonIpuo) pPRIA | ulaeq urerdxy PO S)UIUILLO)) smye)§ [euoneladQy umI ‘u auny, | awl] | pasaL vaxy |oaidoag| 9req
PYIO=poyla| | Moel] - snje)s reuopetadQ onernq | doys | ueig Jo
yeay, smeis | smeg "oN

D-7



AQANN | ANNNS | dVANIT SdD VN vLvVd LOTTI0D v1vd 1DFTI0D 0€ SSIt | SZIT | ATALI NIdO € |€007/81/01
ALITVNO TANTIVA
AQAIA | ANNNS | IVENTT SdD VN FLITTALYS aved INTNIINOT 01 STIT | ST11 | @Td1d NEdO € |co0z/81/01
SMOHHD
FONVNILLNIVIN
AQANN | ANNNS | IVANIT SdD YN AYALLVE 9ONVHD ANLINAOA S SI11 | 0111 | QTd1d NAdO € {£00T/81/01
AQANIN | ANNNS [ IVANIT SdD VN V.Ivd 1Da7100 vivd 1OITI0D 08 0111 | 0S60 | A'T91d NIdO € [€00Z/81/01
MOIHD
FONVNILLNIVIN
AQANN | ANNNS | dVENIT SdD VN A¥ILLYE ONVHD TNLINMOA 01 0560 | O¥60 | ATHd NIJO £ |coozsi/ol
AQANN | ANNNS [ AVENTT SdD VN V1va.1lo97110D v1vd LOITIOD $9 0r60 | S€80 | 1914 NAdO € [£00Z/81/01
AQANIW | ANNNS | IVaANTT SdD YN ALVILEITVO ALV IEITVD $T S€80 | 0180 | QTHId NAJO € [£00%/81/01
SNOLLVYHdO
AQANN | ANNAS | IVENTT SdD VN ATIVA 40 1¥V.1S dOLS/LYV.LS ATIvd S 0180 | S7L0 | ATAId NIdO € |£00z/81/01
SNOLLVYEdO ATIvVd
JO AN /NAOTIVIIL
AQQNIN | ANNNS | IvaNIT SdD YN JINTNJINOT JOLS/LAV.LS ATIvd 0S 0¥91 | 0sST | ATAII NIdO € 1£00Z/L1/01
AQANN | ANNNS [ dXvanNT1 SdD VN V1vad 1O97T10D v1vd LOITI0D 0S 0SSI | 00ST | Q1914 NIdO € [€00Z/L1/01
MOdHD
JONVNALNIVIN
AQANN | ANNAS | dVENIT SdD VN A¥ALLYE GONVHO TNILNAMOJ Sl 00SI | S¥¥! | QTHII NEdO € |£00T/L1/01
AQANN | ANNAS | AVEANIT SdD VN v.1vd 1031100 v1vd LOITI0D S Sypl | 0SE1 | Q1914 NIJO € |€00Z/L1/01
ST1dv0
AILOANNODTY
‘NOLLOINNOD ANV
AQANIN | ANNQS | dVENIT SdD ¥N 479v0 avd INTNIINDT ST 0SEl | STET | @141l N3dO € [€00Z/L1/01
AQdNN | ANNNS [dvaNIT SdD VN v1vd 1ogTI0D V1vd 1LOITI0D SS Szl | 0€Z1 | QTALI NAdO € |€00Z/L1/01
AQANN | ANNNS [dvaNIt SdD VN |Sddv.L DNIOVdS dN L3S | JOLS/LAV.LS ATIvVd oY 0gTl | 0S11 | @141 N3dO ¢ [€00Z/L1/01
AQANN | ANNNS [dvaNI1 SdD VN v1vd LOd7T10D v1vad LOITI0D 0¢ 0S11 | 0711 | @TAId NIdO € [€00z/L1/01
NOAHD
FONVNALNIVIA
AQAN | ANNAS | ¥VENIT SdD vN A¥FLLYE ADNVHO ANILNAOA 0z 0Z1l | 0011 | Q19 N3dO € |eooz/Li/ol
AQANN | ANNNS [ dVEANIT SdD VN v1va 1lddT110d VIvd LDITI0D 06 0011 | 0£60 | QTHId N3dO € [€00z/L1/01
AdANN | ANNNS | IVaNIT SdD VN FLVIAITVD 4LVIgITvVO 0z 0£60 | 0160 | 41914 N3dO € [€00z/L1/01
SNOILVIIJO
AQAN | ANNAS | ¥VANIT SdD VN ATIVA 40 LAV1S JdOLS/LIVLS ATIVA | 001 0160 | 0£L0 | Q1914 N9dO € |€00Z/L1/01
SNOILVYHd0O ATIVd
40 AN" /NAMOMI VI E
AQANIN | ANNNS | ¥VENIT SdD VN JINTNJINDA dOLS/LdV.LS A Tvd 0¢ 0Ll | 00L1 | @1d1d N3O € |£00z/91/01
AQANN | ANNQS | dVENI] SdD VN v.1vd lod1100 v.Lvd LDIT100 Sl 00L1 | S¥91 [ 1914 NIJO € [£00z/91/01
MOHHD
FONVNILNIVIN
AQANW | ANNAS | IVaANIT SdD VN A¥F1LLYd 3ONVHO FNLLNAMOAd St SP9T | 091 | GTHI4 NIJO € |£00Z/91/01
mys_a:u:OU ﬂ—v_rvm :.—vzﬂn.— :mm—ﬁkm— —uo-—auz w.--O:::.uo wﬂaﬂ_w -ﬂ-.u_awhu.mo uru Jury, QEWH P3IS3y, eaay Q—QOOA— aaeqd
BYIO=POYIIN Foed], - Snjels —u:otﬂhoho ..Ec_am.:zm— n_oum Hels Jo
yoeiy, smel§ | smels 'ON

D-8



AQAN | ANNOS [ IVENIT S§4D VYN vivd JLOdTIOoO V.Ivd LOdT100 S¢ 00L1 | ST91 | AT NHdO 2 £00Z/07/01
A0dHD
JONVNILINIVIA
AQANIN | ANNAS | IVENIT SdD VN AYILLYH 9DNVHD HANLLNMOd 0l §T91 | SI91 | dTd]1d NddO & £007/07/01
AJANN | ANNMS [dVENIT SdD VN Vivd .LodTIOD Y.Lvd LOd71100 0s SI9T1 [ STSI | dTd1d NIdO £ £002/0%/01
AJANIN | ANNNS [ dVANIT SdD VN | SHdV.L ONIOVIS 4 1FS | - JOLS/LAVIS ATIVd 0T §TS1 [ SOST | ATd1d NAdO £ £00Z/0Z/01
ADHHO
HONVNLLNIVIA
AdANI | ANNNS | IVENIT SdD VYN AYILLVE HDNVHD HNLLNAMOJ S SOST | 00S1 | dTH1d NAdO £ £007/0Z/01
AQANIN | ANNAS | dVENIT SdO VYN Vivd lodTIOD V1IvAa 1OdATIOO 06 00ST | O£€T | ATHId NIdO € £00Z/07/01
AD4HO
HONVNILNIVIA
AQANA | ANNOS | IVHNIT SdD VN AJHLLYH HONVHD HALLNMOd 0! 0E€l | OCeT | dTdId NIdO £ £00T/0Z/01
AQAON | ANNNS | IVENIT SdO VN Vivd LOdTIOO vivd LOdTI0D 0s 0Z¢l | 0gTl | ATHL NAdO £ £007/0T/01
AQANIA | ANNOS | dVHNI] SdO VYN HONNTAVIAE HONNT/AVIILE 0T 0€Z1 | 0IT1 | dTd1d N3dO £ £00T/0Z/01
AO0H3HD
HAONVNILLNIVIA
AGQANONW | ANNAS | AVINIT SdD VYN AddLLYd IDNVHD HNILNMOd 0l 0IZ1 | 001 | ATHId N3O £ £007/07/01
AQAAOW | ANNNS | dVENIT SdD VN [ SddVL DONIOVdS dN L3S | JOLS/LAVLS ATIVd Sy 00Z1 | SITT1 | dTAId N3O £ £0027/02/01
AN | ANNNS | dVANIT SdD VN V1ivd LOdTI0D YLivd LOFTI0D 54 SITT | 0£01 | A'TEId NIdO 2 £00T/0Z/01
HAOHHD
FONVNLLNIVIA
AQANIN | ANNNS | AVANIT SdD VN AYILLYH IDNVHO HNLLNAOJ 0l 0¢0I | 0T01 [ d'TdId NIdO ¢ £007/0T/01
AQdOA | ANNNS | AVANIT SdD VN VIvd LOFTIOO Y.Lvd 1OFTI0O $9 0201 [ S160 | dTHLI NHdO 3 £00T/07/01
AN | ANNNS | dVHNIT SdD VN HLVALITVD HLVIIITVO 0¢ S160 | SP80 | ATHId N3O 13 £007/07/01
SNOILVYddO
AQANIN | ANNNS | IVANIT SdD VN ATIVA JO LYVLS dOLS/LIVLS A'TIvd 09 SP80 | SPLO | dTHId NIdO £ £007/0Z/01
SNOLLYVYddO A TIvVd
JO ANA /NMAOOAVIIE
AQANN | ANNNS [JVANIT SdO VN INTFNJINOH dOLS/LIVLS ATTIVd 0¢ 0¥91 | 0191 | dTHId NIJO 2 £007/81/01
AN | ANNOS | IVANIT SdO VN VIivd.lodTI0D YLVd 1OFTI00 S¢ 0I91 [ S¢S1 | dTdId N3O € £00Z/81/01
ADHHO
JONVYNLLINIVIA
AQANIN | ANNNS [ FVANIT Sd5 VN AYALLYE ONVHD HANLINMOd St SeSl | 0Ts1 | dTHId NHdO £ £007/81/01
AQAA | ANNNS | IVHNIT SdD VN YIvd.LlodTIOO VIvVd 1O9T1100 s¢ 0csl | sTvl | dTHEId NIdO £ £007/81/01
ADdHD
HONVNIINIVIA
AQANIN | ANNNS | IVENIT SdD YN AYHLLYH HDNVHD HALINAOA S STyl | 0Z¥1 | ATdId NddO £ £002/81/01
AQANN | ANNNS | IVENIT SdD YN Vivd 1lodT100 VIva 1OdTI0D SS 0kl | STEI1 | ATHLI NIdO & £002Z/81/01
AQAOA | ANNNS | AVINIT SdD VN | S9dVL ONIDVdS d0 L3S | dOLS/ALAVLS ATIVd 4 STel | 00€1 | dTH1d NJdO & £007/81/01
AQANW | ANNNS [IVINIT SdD VN vivd 1lOdTIOO V.IVA 1O9TIOO 0¢ 00€1 | 0£21 | dTHId N3O £ £00Z/81/01
AQANIN | ANNNS | JVINIT SdD VN HONOI2AVAY HONNT/AvIdd S¢ 0€Tl | SSIT | dTdL NAIdO £ £00T/81/01
suonpuo)) pRLy unRyed urejdxy e Y SJIUIUNUO)) smes [euonesadQ uim aun] | aumy | paiseg eaxy | ajdoag e
YIQ=POYRI | HoelL - snyel§ [eaoyeradQ ‘uopemnqy| dojg | prels jo
Hoeay, snjel§ [ smyels "ON

D-9



JALTINOJO VIIv
AN | AANOTO | IVENIT NOLLOD VN Y1va LodTIOD VivaloaTiod §¢ 00¥1 | SOgI d9aoom 2 £00T/TT/01
YALLINOAO ADFHO FIONVNILNIVIA YEIV
AJANIN | AdNOTO | IVENIT NOLLOD VN AYHLLYH HONVHD TALINMOd S SOET | 0OEI ddaoom 3 £00T/TL/01
YA LINOAO VIV
AN | ANOTO | IVANIT NOLLOD VN V.ivd 1OFTI0D VivalodTIoO SS 00€1 | SOTI aqaaoom € | £00T/TT/01
JALINOCAO MOFHD FONVNILNIVIA VIV
AJAA | AdNOTO | IVEANIT NOLLOD VN A¥ALLYE FONVHO HALLNMOd 0T SOCI | svil aaaoom £ |£00T/TT/01
JALINOAO VIV
AQANN | AdNOTO | IVENIT NOLLOD VYN Vivd 1DdTIOD vivalodTiod S0l Sy11 | 0001 adaoom £ |£00T/TL0]
YALTAOAO VaIv
AdANN | AdNOTO | IVINIT NOLLOD VN dLVAIITVD ALVIIITVYO 5T 0001 | se60 adaoom £ |£00T/TT/01
YILINOAO SNOLLVYddO vaav
AN | AdNOTO | dVANIT NOLLOD VN ATVA 40 LAVIS dOLS/LYVLS ATIvd 0zl S¢60 | SELO adaoom € | £00T/TLOT
SNOILVYAdO ATIVd
J0O ANA /NAOAIVIIE
AQANIN | AdNOTO | IVEANIT SdD VN INFNJINOA dOLS/LAV.LS ATIVA 0¢ 0£91 | 0091 | dTHI N3O £ | £00T/1T/01
AGQAN | ANNNOS | dVEANIT SdO VN ViVd LOFTIOD VivdalogdT10d SL 0091 | Sy¥l | THIA NIJO £ [£00T/1T/01
HMOFHD FONVNILNIVIA
AQANN | ANNNS | IVENIT SdD VN AYILLVE HONVHO HALLNAOA 01 Syp1 | Sevl | dTHId NIdO £ £00T/12/01
AQANN [ ANNNS | JVENIT SdD VYN Yivda 1odT1iod VI1vVd.1lOdTIOO 0s Sevl | SvEl | 1914 NAJO £ |£00T1T/01
MOFHD FIONVNALNIVIA
AQAnNN | ANNOS | JVENIT SdD VN A¥ALLYE AONVHD TALLNAOJ S1 SpEl | 0€€1 | T191d NIJO € |E00UIT/0]
AQANIN | ANNNS | IVENIT S§dD VN V.Lvd 1OdTIOD VIvd LOdTIO0 06 0t€l | 0021 | dTHIA NHdO £ [£00T/1T/0!1
HOFHD FONVNALNIVIA
AQANI | ANNAS [ dVENIT SdD VN AYHLLYE ADNYHO HINILNAOA 01 0021 | OSII | dTdId NHdO € |£00T/12/01
AQANIN | ANNAS | IVENIT SdD VN Vivd LOdTI0D VivalodT1I1od 0s 0SIT | 0011 | @T3Id N3dO £ [£00TU/1T/01
AN | ANNAS | IVANIT SdD VN HONNI/A VAL HONN'T/AVAIE 0T 00IT | O¥01 | dTHId N3dO ¢ [£00T/1T/01
MOFHO AONVNALNIVIA
AJANIN | ANNNS | dVANIT SdD VN AYFLLYE GDNVHO HALLNAOA 0l 0¥0T | 0€0T | 7314 NIdO £ £00T/1T/01
NOdHD AONVNILNIVIA
AQAOA | ANNNS | ¥VENIT SdD VN VIVA AVOINMOd HINLLNAOJ 0T 0€01 | 0107 | dTdId NIdO £ |£00T1T/01
AN | ANNNOS | IVENIT SdO VN vVivd 1odTI0D Viva1lodT1Iod 0L 0I0T | 0060 | d1dId NddO € |£00T/1T/01
AQANIN | ANNNS | IVENIT SdD VN JLVILITVYO ALVIIITVYD 014 0060 | 0T80 | dTHId NHdO £ |[£00T/1T/01
SNOILVY3dO
AQANIN | ANNNS | IVEANIT SdD VN ATIVA 40 1JVIS dOLS/LIVIS ATOvd 94 0780 | SE€L0 | dTdId NJdO € |£00T/12/01
SNOILVYddO ATIVd
JO ANF /NMOMI VAT
AQANN | ANNAS | JVEANIT SdD VN INTNINGT dOLS/LAVLS ATIVA 0¢ OELT | 00LT | d'THId N3O ¢ |£002/0T/01
suoypuo)) pPRIA | uIaneq utedxy POYRIA UET ) sniey§ [euoneradQ uru ¢ sauny, [oeunp | paisef eary |adoag aeq
I3YIQ=POYIBIA | HIBI], - snjej§ [euoneIdQ uonemg| dois | wuei§ Jo
Aoeay sSnjels | smjels ‘ON

D-10



1ld LSd.L Lld 1S3.L
AN | AANOTO | IVANITT SdD VYN NI VIvd LOoa 71100 VLIVAd LOATI0D SOl 0011 S160 | NOILYIIITVO 3 £00T/YTI01
Lid LSHL
AdANN| AdNOTO | IVANIT SdD VN JLVadITvVO LV AdITvVD Sl S160 0060 | NOILLVYAITVD £ £00T/YZ/01 |
SNOILLVYddO Lld LS3L
AQANIN| AQNOTO | AVANIT SdD VN ATIVA 40 LAVLS dOLS/LIAVLS ATIvd 09 0060 0080 [ NOILVILITVYO ¢ £00T/YT/01
SNOLLVY3dO
ATvado
ANT /NMOMIVIId
AdAQNIN| AANOTO | AVANIT SdD VN INTNJINOHA dOLS/IAVLS ATIVd $9 0¢£91 TSl | vHIV TNDOW 3 £00T/€T/01
AQANIN| AdNOTO | AVEANIT SdD VN VIVAQ LOHATIOO YIvVA LOATIOD <9 749! 0yl | vEIV TNOONW € £007/€2/01
HOHHD HONVNAINIVIA
AdANN | AdNOTO | AVANIT SdD VN AdFLLVE HONVHO HANLLNMAOU 01 144! 0lv1 | VHIV TNDON £ £00T/ET/01
AANN | AANOTD | IVANIT SdD VN VLVA LOdTI0O Yiva.1lodaTIiod cs (01641 SIgl | vAIY TNODOW £ £00T/£T/01
SAdVv.L
AdANN| AdNOTD | AVANIT SdD VN DONIDVJS dN 14dS dOLS/LAVIS ATIVA Sy SIgl 0€C1 | VHIVY TNOOW g £00T/€2/01
AQANA | AdNOTO j IVANIT SdD VN vivda lo3dTIoO VLVA LOATIOD 0l 0€1 071 | VHIV TNDONW 2 £00T/€T/01
AOIHD HONVNALINIVIA
AQANIN| AdNOTO | AVANIT SdD VN AdALLY I ADNVHO HALLNAMOJ 9 071 SIT1 | VIV TNOOW € £007/€7/01
AdANN| AdNOTO | IVANIT SdD VYN YLvd LO4T100 VIivda 10971100 09 SITl SIIT | VEIV TNOONW € £00T/€T/01
DFHD HONVNAINIVIA
AN | AdNOTO [ AVANIT SdD VN AYHLLYVE HONVHO ANLINAOU S SITI OIT1 | VEIV TNOOW € £007/€T/01
AQAQNA| AdNOTD | IVHENIT SdD VN Yivd LOo3T100 Y1va .LOdT100 S§ (01841 SI01 | VAV TNDON 13 £00T/€T/01
Sddv.L
AN | AdNOTO | IVANIT SdD VN ONIDVdS d1 L3S JOLS/LAV.LS A TIVAd 09 G101 S160 | VIV TNDONW € £007/£7/01
AdANN | AdNOTO | IVANIT Sd9 YN HLVILI'TVD HLVIdITvVO €l S160 0060 | vIIV T1DONW € £00T/£T/01
SNOLLVIHdO
AQANN| AdNOTO [ IVANIT SdO VN ATIVA 40 LYVLS dOLS/LIVIS ATIVA 06 0060 0£L0 | VYV TNOOW € £00Z/€T/01
SNOILLVY3dO
ATIvd 40
VT LLNOAO AN /NAOTAVHII G VIV
AQUNIN| AdNOTO | AVENIT NOLLOOD VN INTAJINOA dOLS/IAVLS ATTIVAd SL 0EL] S191 adaoom € £007/T2/01
JLLINOAO VIV
AQANIN| AdNOTD [ MVHNIT NOLLOD VN v1va LOdT100 VL1vd LodTI0D gs S191 0ZS1 qaaoom € £002/T7/01
JHILINOAO HOHHD HONVNAINIVIN VHIVY
AQANIN| AdNOTD [ AVENIT NOLLOOD VN AYdLLY 9 ADNVHD HANLINMOU S 0781 SICT Jaaoom £ £007/72/01
A4LINOAO vaay
AQAQNIAN| AdNOTD | YVENIT NOLLOD VN VLvVd LOATI0D V.LvVd LOATIOO S9 SISI 011 agaoom ¢ €00T/TT/OT
JALINOAO AOHHI HONVNIINIVIN vVaav
AN AdNOTO [ AVANIT NOLLOD VN Ad3.LLVd 3ONVHO HNLLNMOA 0l 0l¥1 00P1 aaaoom ¢ £00T/TT/01
suonIpuo)) prRig wneq uredxy POYIRIA SjuIUIWo)) snyel§ [euoperadQ urnu WLy, | LWLl paiseL ea1y | ajdoaq e
13PIQ=POYPRA | NoelL - snje)g [euonesadQ ‘uopem(]| dois uels Jo
Joeiy, smjels | smjels ‘ON

D-11



"1x91 pAYSIYSIY Ul PAIBOIPUI SI8 UOTIENSUOWIP 91103ds sy} 03 juautiiad sanianoy 910N

AN | AdNOTO | IVENIT SdD VN NOLLVZITIHOWHd NOILVZITIHOWHd S6 SOST | OEEl | VHRIVINODOW [ € | €00THT/O1

AdANIA | AdNOTD [ IVANIT SdD VN Viva .LoaT1Iod Vivda LoaTIoD 09 0£ET | O£l | VIV TINDOW | € | €00Z4Z/01
JLId LS3L

AQdNA | AdNOTO | AVINIT SdD VN HONN1/AvAdd HONNT/ VAL 59 0zl STIT | NOLIVYEITVD | € | £00T/¥T/01
Lid 1S9l 11d LS4L

AdANN | AdNOTO [ AVANIT §dD YN NI VLVd LOFITIOD Vlvd LOFTIOD ST SZ11 | OTIl | NOLLVIEITVO | € | £00T/¥T/01
AHOFHD HONVNHLNIVIA 11d LS4L

AN | AdNOTIO | IVENIT SdD VN AYHLLYE HONVHO HNILNAMOG 01 OITT | 00IT | NOLLVYIEITVYD | ¢ | €00T/4Z/01

suoyIpuo) PRI [TREYITE | ureidxy POy SjuaunLo)) snye)§ [euoyeradQ uru auny | aum] pasal ealy Pidoad] aeq
IPO=POYIBIA | Yoeil | -smwg [euonesadQ ‘uonemq| doys | MEIS Jo
Poeay, smje)s | snjels 'ON

D-12




APPENDIX E. REFERENCES

Standardized UXO Technology Demonstration Site Handbook, DTC Project
No. 8-CO-160-000-473, Report No. ATC-8349, March 2002.

Aberdeen Proving Ground Soil Survey Report, October 1998.
Data Summary, UXO Standardized Test Site: APG Soils Description, May 2002.

Practical Nonparametric Statistics, W.J. Conover, John Wiley & Sons, 1980.

(Page E-2 Blank)



APPENDIX F. ABBREVIATIONS

AEC = U.S. Army Environmental Center

APG = Aberdeen Proving Ground

ASCII = American Standard Code for Information Interchange
ATC = U.S. Army Aberdeen Test Center

CD = compact disk

CEP = Central Error Probability

DGPS = digital Global Positioning System

EM = electromagnetic

EQT = Army Environmental Quality Technology Program

ERDC = U.S. Army Corp of Engineers Engineering, Research and Development Center

ESTCP = Environmental Security Technology Certification Program
GPS = Global Positioning System

GX = Geosoft executable

IPG = Jefferson Proving Ground

MS = Microsoft

POC = point of contact

RF = radio frequency

ROC = receiver-operating characteristic

RTK = real-time kinematic

SERDP = Strategic Environmental Research and Development Program
UXO = unexploded ordnance

YPG = U.S. Army Yuma Proving Ground
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